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The SurveiTTance Subcommittee submits this report on water quaTity in the
Laurentian Great Lakes to the ImpTementation Committee as an Appendix to the
Water QuaTity Board Report. This assessment of water quaTity in 1978 repre-
sents a transition in surveiTTance activities between the 1972 and revised
1978 Great Lakes Water QuaTity Agreements. The Appendix gives a finaT status
report on Lake Michigan from the intensive studies of 1976-1977, and a
preliminary anaTysis of the water quaTity of Lake Erie from the intensive
studies of 1978.
ProbTem areas, whoTe Take assessments, phosphorus Toadings, and a review
of atmospheric inputs are incTuded to maintain the continuity of reporting as
estabTished in prior appendices. As the revised 1978 Great Lakes Water
QuaTity Agreement has placed particuTar emphasis on contaminants in the Great
Lakes, this appendix gives particuTar attention to the trends and TeveTs of
residues in the Great Lakes ecosystem, and the identifies new contaminants
found in 1978.
The Great Lakes Water QuaTity Board has reviewed and approved the
Subcommittee's report for pubTication. Some of the concTusions, however,
might not necessariTy refTect the views of the Board and its 1978 AnnuaT
Report to the InternationaT Joint Commission.
Mention of trade names or names of commerciaT organizations in this report
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4.0 DATA QUALITY ASSURANCE
5.0 ATMOSPHERIC INPUTS
    
5.0 PLANNED 1979 SURVEILLANCE ACTIVITIES
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VOLUME WEIGHTED SUMMER MEAN PHOSPHORUS CONCENTRATIONS FOR
THE CENTRAL AND EASTERN BASINS OF LAKE ERIE
VOLUMETRIC OXYGEN DEPLETION RATES IN LAKE ERIE
FISH CONTAMINANT DATA FROM LAKE ERIE (WHOLE LAKE PROGRAM),
1978
RESIDUE LEVELS IN HERRING GULL EGGS, LAKE ERIE
WATER QUALITY OF RANGE DT 3.9 LOCATED AT THE MOUTH OF THE
DETROIT RIVER
LOADINGS TO LAKE ERIE FROM THE DETROIT RIVER
PROBLEM AREAS IN LAKE ERIE AND LAKE ST. CLAIR
WATER QUALITY TRENDS FOR LAKE ONTARIO WATER INTAKES
CHLOROPHYLL g (CORRECTED FOR PHEOPIGMENTS) MEAN, STANDARD
DEVIATION, AND NUMBER OF SAMPLES TAKEN FOR EACH SURVEILLANCE
CRUISE, LAKE ONTARIO, 1978
SUMMARY OF 1978 ESTIMATED PHOSPHORUS LOADING DATA TO
LAKE ONTARIO
FISH CONTAMINANT LEVELS IN LAKE ONTARIO, 1978
RESIDUE LEVELS IN HERRING GULL EGGS, LAKE ONTARIO
SUMMARY OF 1978 ESTIMATED PHOSPHORUS LOADING DATA TO
THE INTERNATIONAL PORTION OF THE ST. LAWRENCE RIVER
PROBLEM AREAS IN LAKE ONTARIO, 1978
TOTAL PHOSPHORUS TREND AT STATION 1364 IN TORONTO
INNER HARBOUR
ATMOSPHERIC LOADING TO THE GREAT LAKES
MODEL ESTIMATES OF SULFATE LOADINGS TO LAKES SUPERIOR AND
HURON FROM SOURCE REGIONS
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TO THE GREAT LAKES


































































































































































TotaIs may not sum due to rounding.
11976 estimates.
2Standard errors caIcuIated from tributary Ioading estimates used in making
adjustments.
  
 Mercury levels in large pickerel exceeded 1.5 ug/g and PCBs were over 2
pg/g in rainbow trout, chinook, coho, splake and brown trout. The identi-
fication of dioxin (<1 ug/g) in Sa inaw Bay resulted in increased surveillance
assessment. Contaminant residues %DDT, DDE, dieldrin, HCB, mirex, and PCBs)
in herring gull eggs continued to decrease in 1978. Fledgling success of
herring gulls was normal.
LAKE ERIE
During 1978, the first year of a two-year intensive surveillance effort
was performed on Lake Erie. Preliminary results have indicated little change
in trophic status despite large declines in total phosphorus loadings, partic-
ularly for the Detroit River. Major eutrophication problems were noted in
nearshore areas such as Presque Isle Bay, Brest Bay, and Maumee Bay where
chlorophyll g_concentration exceeded 100 ug/L during part of the year.
Volumetric oxygen depletion rates have remained constant (0.11 mg/L/d) in
the hypolimnion of the central basin. The area of anoxia was restricted to a
small area off Lorain, Ohio from August to late September.
PCB levels in smelt, yellow perch, and coho salmon in Lake Erie were 0.23,
0.22, and 0.91 ug/g, respectively, above the Agreement objective of 0.1 ug/g
(whole fish). Mirex was not detected in the above species, but it was found
in spottail shiners at Kettle Creek. Source identification studies have been
initiated.
Contaminants in Lake Erie herring gull eggs showed declines similar to the
other lakes, with dieldrin showing the least decline. The residue levels of
PCBs in herring gull eggs from Fighting Island were the highest of any
reported on the Great Lakes in 1978.
Fledgling success was normal in the Lake Erie herring gull colonies.
LAKE ONTARIO
Total phosphorus levels continued to decrease between 1977 and 1978 with
the major declines being found east of Toronto. Whole lake total phosphorus
levels have also decreased significantly, but the observed decline has been
too large to be explained by remedial programs alone. It has been speculated
that this decrease may be due at least in part to increased light penetration
and the settling of particulates during the winter period of ice cover.
Nitrogen levels have continued to increase, although at a much reduced
rate compared with previous measurements.
Mean PCB levels in smelt, lake trout, yellow perch, coho salmon, and
rainbow trout were 1.5, 5.2, 0.7, 3.1, and 6.6 ug/g, respectively. There is
insufficient data to assess if there has been a significant change in PCB
levels since there was restrictions on their use.
Mean levels of mirex in the above species were 0.11, 0.28, 0.06, 0.16, and
0.32 ug/g, respectively.
   
  
Herring gull contaminant studies indicated decreases in all residues
examined, especially mirex and DOE. Since 1974, an increase in reproductive
success in herring gulls has parallelled but may not be related to the decline
of major organochlorine residues.
PROBLEM AREAS
Forty-eight problem areas were identified in 1978 and are summarized in
the 1978 Water Quality Board Annual Report. This is an increase from the 47
reported last year, and represents the addition of Clarkson, Mississauga on
Lake Ontario, the Grass River, New York on the St. Lawrence River, and the
deletion of Pine River, Michigan as no violations were detected from this
river during surveys on the St. Clair River.
RECENTLY IDENTIFIED COMPOUNDS
The only new class of compounds previously not reported in Lake Erie
herring gulls and eggs were polychlorinated terphenyls (PCTs). PCTs were
absent from Lake Ontario herring gull samples analyzed in previous years.
Octachlorostyrene and 3 isomers of heptachlorostyrene were also reported
in the Lake Erie herring gull populations. Since chlorinated styrenes have
been reported previously in biota from Lake St. Clair and Lake Ontario,
methodology will be developed in 1979 to incorporate these residues as routine
monitor parameters.
Residues identified during the intensive survey of Lake Ontario herring
gulls but absent from the Lake Erie samples included polynuclear aromatic
hydrocarbons and tri- and tetrachloroethylenes.
Chlorinated dibenzodioxins including 2,3,7,8 tetrachlorodibenzo-p-dioxin
have been reported in fish from Saginaw Bay (10 - 1,000 pg/g) and Lake Ontario
(4.6 - 6.5 pg/g). Further assessments are required to determine the nature
and effects of dioxin in the Great Lakes environment.
ATMOSPHERIC INPUTS SURVEILLANCE STATUS REPORT
A review of the state of the art of measuring atmospheric inputs, includ-
ing acid rain, contaminants, and nutrients, is presented as part of this
Appendix B to the Water Quality Board report. This will form the basis on
which an atmospheric surveillance and monitoring strategy can be developed.
Recommendations and conclusions are:
1) The atmospheric pathway is a significant source of materials loading
to the Great Lakes and Great Lakes Basin. The magnitude of the
atmospheric deposition should be the subject of continued surveil-
lance and the reporting should be expanded to include the major ions
that determine the free acidity of precipitation.
2) While methodologies for the measurement of toxic contaminants have
, not yet advanced to a proven survey mode, research efforts should
continue to define more exactly the temporal and spatial character of























































to provide record overlap until transfer to the new data base is
established. A research effort designed to demonstrate a dry
deposition measurement technique should be conducted.
4) A regional atmospheric transport and deposition model should be
employed to refine and verify the source-receptor relationships
suggested by preliminary model efforts. The model should include




















more closely integrated with the national and international
Long—Range Transport of Air Pollutants (LRTAP) programs of both
Canada and the United States.
DATA QUALITY ASSURANCE
The Data Quality Work Group of the Surveillance Subcommittee performed a
series of laboratory round robins for various nutrients, metals, and major
ions. Results are presented in this Appendix. Generally, the major lab-
oratories participating did well on the parameters tested. When problems were
identified, the Work Group endeavoured to isolate the cause(s) and recommend
solutions.
The additional requirements of the 1978 Great Lakes Water Quality Agree-
ment, in particular, the increase in the number of water quality objectives
from eight to forty-three will require intensive quality assurance protocols
for sampling, analytical methodologies, and data interpretation and manage-
ment. For the latter, a new work group - Data Management and Interpretation
Work Group — was formed to ensure accurate, precise, and timely reporting of
the information obtained as part of the Great Lakes International Surveillance
Plan to the Water Quality Board.
1979 SURVEILLANCE ACTIVITIES
In 1979, the Great Lakes International Surveillance Plan (GLISP) document r
will be completed for all the lakes. In accordance with the schedule in the
GLISP, the second year of intensive surveillance will be performed on Lake
Erie, and annual programs will be continued in accordance with the Plan for
each of the Great Lakes.
It should be reported that, although funding has not changed significantly






























































This chapter reviews the water quaiity status of the Laurentian Great
Lakes as determined by impTementation of the Great Lakes Internationai Sur-
veiTTance PTan (GLISP). Assessment of resuits from the intensive survey of
Lake Michigan are presented, aTong with the preTiminary assessments of one
year's intensive study on Lake Erie. AnnuaT programs on Lake Ontario wiiT be
incTuded to continue the reporting format of previous years. Lake Huron and
Lake Superior were surveyed in 1978 for probTem area monitoring and contam-
inant programs.
The foTiowing assessments are designed such that the major issues of
eutrophication and contamination are compared within and between Takes. As
contaminants have become the focus of the 1978 Great Lakes Water Quaiity
Agreement, these have been emphasized in the foTTowing sections. Phosphorus
Toads are reported within the eutrophication portion of each Take status
report.
2.1.0 LAKE MICHIGAN
Two years of intensive surveiTTance activities on Lake Michigan were
compTeted in 1977. Chemicai, physicai, bioTogicaT and microbioTogicaT data
were taken in the open waters and nearshore zones. The studies addressed
primariTy effects of impiementation of nutrient removaT programs and the bans


























































































































































































StatisticaT anaTysis indicated a decrease for totaT phosphorus in the southern
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 There have been continued improvements in water quality in the southern
basin near the Illinois and Indiana shoreline. These improvements are related
to remedial programs including the diversion of twelve municipal plants and
one industry in Lake County, Illinois in the years from 1973 through 1978,
Indiana's phosphate detergent ban since 1972, and pollution abatement programs
undertaken by northwest Indiana industries up through 1979.
The area affected
by the nutrient abatement shows an increase (P<0.05) in dissolved reactive
silica mean annual concentration levels (Figure 2.1.3).
The load reduction of
phosphorus from remedial programs in this area is estimated to have been 600
metric tons during the 1976-77 period.
Light penetration in Lake Michigan increased between 1976 and 1977 (Figure
2.1.4).
Secchi disc readings varied between 4.0 - 8.0 m. The change between
1976 and 1977 may again be related to increased sedimentation during winter
ice cover.
Phosphorus loadings to Lake Michigan decreased from 6,656 tonnes/yr in
1976 to 4,666 tonnes/yr in 1977.
Table 2.1.1 summarizes the phosphorus
loading estimates for 1978.
Tributary and atmospheric sources are the chief
contributors to the total load of 6,245 tonnes/yr.
Major improvements were
found in those nearshore areas where point source controls are in effect.
Chloride is increasing more rapidly than in the past (average annual rate
is 0.12 mg/L/yr).
Sodium and sulfate ion concentrations increased in the
Grand Haven area during 1976 and 1977.
Conservative ion concentration levels
are not readily reduced in Lake Michigan as a result of the long hydraulic
retention time of the basin.





a matter of debate
some investigators have suggested that increased levels of dissolved solids
may alter phytoplankton community structure and adversely affect the fisheries
of Lake Michigan.
2.1.2 CONTAMINANTS
Contamination by organic compounds is the key issue in the water quality
of Lake Michigan. Presented below are the results of annual fish and wild-
life contaminant programs performed in 1978.
FISH
Comparison of the results of PCB analysis in salmon (coho and Chinook)
collected by the Michigan Department of Natural Resources (DNR) from the
Little Manistee, Platte, and Grand Rivers indicated that residue levels have
decreased by as much as 50% between 1975 and 1978.
Concentrations in fillets
ranged between 0.24 and 5.04 ug/g in 1978.
Similar declines were also
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Fig. 2.1.5 MEAN CONCENTRATIONS (whole fish) OF CHLORINATED HYDROCARBONS IN
BLOATER CHUBS FROM EASTERN LAKE MICHIGAN (near Saugatuck,Michigan)
TABLE 2.1.1
SUMMARY OF 1978 ESTIMATED PHDSPHORUS LOADING DATA
T0 LAKE MICHIGAN
(aII vaTues are in metric tonnes/year)
       
WISCONSIN MICHIGAN ILLINOIS INDIANA TOTAL
Direct IndustriaT
Discharge 27 18 O 1 46
Direct MunicipaI
Discharge 411 49 34 O 494
Tributary:
Monitored 1,325 1,565 651 3,540
(standard error) (128) (75) - (39) (154)




Unmonitored Area United States 475
(standard error)2 (30)
TOTAL 6,245
Target Loads, 1978 Great Lakes Hater QuaIity Agreement 5,600
Totals may not sum due to rounding.
l1976 estimate.













































































Dieldrin levels in these same bloater chubs have increased from 0.27 ug/g
in 1969 to 0.55 ug/g in 1978, almost double the Agreement objective for whole
fish of 0.3 ug/g (Figure 2.1.5). Data from the Illinois Department of Con-
servation on edible portion of bloaters and yellow perch collected in late
1977 and early 1978 indicated dieldrin levels ranged between 0.06 ug/g and
0.16 ug/g. Dieldrin levels in the coho salmon reported by Michigan DNR are
below 0.3 ug/g (United States Food and Drug Administration guideline for
protection of human health is 0.3 ug/g in edible portion) and, as reported
last year, appear to be declining in this species.
WILDLIFE
Surveillance of wildlife contaminants on Lake Michigan began in 1978
through cooperation between the United States Fish and Wildlife Service and
the Canadian Wildlife Service. Data were obtained from Sister Islands in
1975, from Hat Island in 1977, and from Gull Island and Bellows Island in
1978. Lake Michigan gull colonies exhibited high residue levels of PCBs and
DDE and the highest levels of dieldrin of all colonies examined in the Great
Lakes Basin (Table 2.1.2). Levels of dieldrin have increased at Sister
Islands from 1975.
2.1.3 PROBLEM AREAS
Four problem areas have been identified in Lake Michigan and are sum-
marized in Table 2.1.3. Ammonia remains the key concern at the Indiana Harbor
Canal with levels recorded in 1978 exceeding the Agreement objective.
Sediment contamination remains a serious problem at Waukegan Harbor with
elevated levels of PCBs. No change in status was reported for Milwaukee
Harbor, but remedial efforts in Green Bay were completed in 1978 and effects
in the quality of the receiving waters will be reported in 1979.
2.2.0 LAKE SUPERIOR
Intensive studies of water quality of Lake Superior are not planned until
1983 in accordance with the GLISP. The following water quality assessment
specifically addresses issues such as contaminants and problem areas.
2.2.1 EUTROPHICATION
No coordinated studies on eutrophication were conducted on Lake Superior
in 1978. Specific studies on Duluth-Superior Harbor and Thunder Bay are
discussed in Section 2.2.3 under Problem Areas. Phosphorus loadings to Lake
Superior were similar between 1976 and 1977 at 3,550 tonnes/yr and 3,661
tonnes/yr, respectively. In 1978, total phosphorus loading was estimated to
be 3,558 tonnes, mostly from tributary and atmospheric sources (Table 2.2.1).
There is no surveillance information to suggest that the trophic status of





























(ug/g) PARTS PER MILLION FRESH HEIGHT
        
SISTER ISLANDS








































































































































































































































































PROBLEM AREAS IN LAKE MICHIGAN. 1978
OBJECTIVE 0R STANDARD



























































(>6 mg/L) surveillance of L. Michigan
will be performed in 1980
Phosphorus (b, P) to reassess water quality.
(>1 mg/L discharge)
Suspended SoIids (b, R)

































efforts not expected to be
Suspended SoIids (b, P) completed until 1990.
Annex 1, II, C





























      








violation with present discharge






















(a11 va1ues are in metric tonnes/year)



















































































Target Loads, 1978 Great Lakes Water Ouaiity Agreement 3,400
TotaIs may not sum due to rounding.







Recent results of contaminants analysis on several fish species by the
Ontario Ministry of Environment (MOE) indicated that elevated mercury levels
(above 1.5 ug/g) were found in lake trout, white fish, and sucker in Penin-
sula Harbour and lake trout in Terrace Bay. Mercury levels appear to have
declined in samples of lake trout from Peninsula Harbour.
PCB levels were above the 2.0 ug/g Canadian Health and Welfare guideline
in larger (>45 cm) lake trout, whitefish, and sucker from Peninsula Harbour,
and larger lake trout from Terrace Bay, Rossport, Mamainse Point, and Green
Point (Thunder Bay). Lake trout from other areas of Thunder Bay (Wild Goose
Bay, Cloud Bay, Pine Bay, Hare Island, Eldorado Beach) were not over the 2.0
ug/g guideline at any size.
Mirex has not been detected in game fish from Lake Superior.
WILDLIFE
Trend data from 1974 to 1978 for DDE, DDT, dieldrin, HCB, mirex, and PCB
residues in herring gull eggs (Table 2.2.2) were fitted to linear and log
linear regressions. Statistically significant declines (P<0.05) were noted
for PCBs on Granite Island where the residue is declining with a half-life of
4.8 years. HCBs were found to be declining on Mamainse Island with a half-life
of 2.4 years. These rates of decline will hold providing there is no drastic
changes in the aquatic food supply of the herring gull or the loading of
available residues to which the food supply is exposed. Reproductive success
of herring gulls on Lake Superior has remained high from 1974 to 1978 (1.6
chicks to every pair of adults). '
2.2.3 PROBLEM AREAS
Eight problem areas were identified in Lake Superior in 1978 and are
summarized in Table 2.2.3.
THUNDER BAY
Data from the 1977 summer (June 20—July 1) nearshore survey were grouped
using an analysis of variance technique to delineate stations having statis-
tically different means. As shown in Figure 2.2.1, this procedure revealed
four significantly different zones of surface water total phosphorus concen-
tration. In general, the highest total phosphorus levels were associated with
the mouths of the McIntyre, Neebing, Kaministikwia, and the McKellar and
Mission Rivers (the highest mean value, 163 ug/L, occurred at a station in
the McIntyre River mouth). A distinct zonal gradient of decreasing concentra-
tions with distance from shore was also observed up to 2 to 3 km from shore,
where phosphorus levels comparable to those of Lake Superior nearshore waters
($7 ug/L) were encountered.
The mean total phosphorus concentrations in the inner and outer harbours
of Thunder Bay during the 1977 survey were compared with levels found during
the 1970 survey (August 18-30). Statistical analysis of the data revealed
17















































































































































































































































































































































































































































































































Toxic Substances (a, P)















































Total Coliforms. (a. P) i
Fecal Coliform, t
Annex 1, III I
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Harbor discharge of phosphorus 1978. 1979 surveys will
(<1.0 mg/L) (b, P) reassess problem area
status.
Suspended Solids (b, P)
Annex 1, II, C







Fecal Coliform Wisconsin WDNR, 1978
















































(<200 mg/L) and assessment of impact
on boundary water quality






































sampled in boundary waters
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violation with present discharge
violation with remedial program ongoing
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and Saginaw Bay are reviewed below.


































































































































































WATER QUALITY TRENDS IN LAKE HURON
      
LAKE
GODERICH HURON LAMBTON
TotaI 1976 0.042 0.026 0.014
Phosphorus , 1977 0.052 0.025 0.008
mg/L 1978 0.028 0.018 0.007
ChToride 1976 9.4 6.5 5.9
mg/L 1977 9.6 6.8 5.8
1978 9.2 6.0 5.7
Conductivity 1976 - — 210
us/cm 1977 275 217 207
1978 264 220 210
Dissoived 1976 0.88 0.77 0.52
Reactive 1977 0.63 0.48 0.49
SiTicate 1978 0.66 0.56 0.52
mg/L
ChTorophyII a 1976 3.6 1.4 1.4
ug/L " 1977 2.1 1.3 1.7
1978 1.9 1.7 1.0
TABLE 2.3.2
SUMMARY OF 1978 ESTIMATED PHOSPHORUS LOADING DATA
T0 LAKE HURON
(aII va1ues are in metric tonnes/year)
      
MICHIGAN ONTARIO TOTALS
Direct IndustriaT Discharge O 1 1
Direct MunicipaT Discharge 37 132 169
Tributary:
Monitored 747 953 1,700
(standard error) (642 (149) (162)
Sub-Totals 784 1,086 1,870
Atmospheric 2,120
(standard error) V (476)
Tributary:
Adjustment for Unmonitored
Area United States 299, Canada 308 608
(standard error)1 (88) (70) (113)
TOTAL 4,598
Estimated inputsz from Lake Superior 402, Lake Michigan 255 657
Total estimated input to Lake Huron 4,197
Target Loads, 1978 Great Lakes Hater QuaTity Agreement 4,360
Totals may not sum due to rounding.
1Standard errors calcuiated from tributary loading estimates used in making
adjustments.



































































































0.19: .05 0.31: .12
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0.30: .08 0.24: .08
_.05 0.47: .23
0.17: .05 0.17: .08
Ch10robenzenes
(ppb, ng/g)









































21 : 4.4 13 : 4.6
0.04: .03 0.09: .05
0.02+ .03 0.23+ .08



























































































































































































Pentach10ro - - - 19.0 :4.2 - - - 30 :24
        
TABLE 2.3.4



















































Annex 1, II, C has resulted in degrada-
tion of sediments. This
condition was caused by
























Annex 1, III ug/L from Algoma Steel
to Lake George Channel.
Annonia (a, P) Annonia levels approached
(<O.5 mg/L) objective with high of
0.46 mg/L found in 1978.
Phenol (a, P) Downstream of Sault Ste.
(<1 ug/L) Marie STP Ammonia levels of
1.4 mg/L found. No fecal






















Annex III <1 mg/L requirement met.

































































































































pH, Alkalinity (a, b, P) Alkalinity <20 mg/L 3 km




















to Sixth Annual Report of
Water Quality Board,
Appendix B.
   
sampled in tributary







violation with present discharge
violation with remedial program ongoing
 
 Nutrient inputs, primarily from municipal wastewater treatment plants and
agricultural activities in the basin, have resulted in this eutrophication.
Total phosphorus loadings to Saginaw Bay from the Saginaw River during 1978
were less than one-half the loadings recorded during 1974. This reduction is
related to point source control measures and Michigan's phosphorus detergent
ban as the drop in loading between 1975 and 1976 cannot be attributed solely
to flow (Table 2.3.5). The lower phosphorus loads are expected to improve the
water quality of Saginaw Bay in future years.
Total phosphorus concentrations in inner Saginaw Bay have increased since
1974 (Table 2.3.6). Changes in total phosphorus concentrations in the bay
will be slow because of resuspended phosphorus from the sediments and dif—
ferent circulation patterns from year to year. The Bay will continue to be
monitored for total phosphorus and other nutrients.
2.4.0 LAKE ERIE
The first year of an intensive two-year surveyof Lake Erie, as described
in the GLISP, was performed in 1978. Most of the data remains to be analyzed,
but preliminary results are presented below.
2.4.1 EUTROPHICATION
The eutrophication of Lake Erie accelerated with the clearing of the
forests around the lake and the draining of the Maumee swamp in the late
1800's. Since then, the problem has been compounded with large nutrient
. loadings from municipal, industrial, and agricultural sources. As a conse-
3 quence of the impacts of this increasing eutrophication, the trophic status of
g the lake was a key environmental concern in the GLISP intensive studies
‘ implemented during 1978.
l
a Water quality parameters along the nearshore zone of the eastern basin of
1 Lake Erie during the spring of 1975 indicated three statistically significant
a (P<0.05) zones:
1. the Grand River mouth area;
2. an area east of the Grand River extending to Fort Erie; and
3. an area west of the river, including Long Point Bay.
Figure 2.4.1 illustrates that conductivity gradients, as determined in
spring 1976, can extend as far east as Port Colbourne. The Grand River mouth
is continuously in excess of both the MOE and 1978 Agreement objectives for
total dissolved solids (200 mg/L). The largest areal distribution occurs
during and after spring snowmelt which constitutes up to 50% of the annual
total dissolved solids loading from this watershed.
Total phosphorus distribution during this period is also illustrated in
Figure 2.4.1. Average concentrations, with the exception of the Grand River
mouth area, were 12 ug/L, 10 ug/L, 15 pg/L during spring, summer, and fall,
respectively. Yearly trends for total phosphorus levels exhibited no signif-
icant changes over the period 1973-1976. Multiple linear regression analyses
indicated that water levels have an important effect on total phosphorus



























Y E A R





































      
* - Provisional
NOTE:
































































    
27













    
LONG POINT BAY
\J

































































SEGMENT MEAN STD DEV RANGE NO. STNS
1 299 2 295-303 19
312 4 305-318 26
339 16 322-365 6
4 481 60 437-548 3








TOTAL PHOSPHORUS pg / L SPRING 1976
SEGMENT MEAN 5m DEV RANGE no. sms
12 4 6 - 12 44
28 12 19 - 50 6







   
CHLOROPHVLL 5. uglL At GUST 1976
SEGMENT MEAN sm oev RANGE no. sms
1 I 2175 .80 1.4-4.1 43
2 7.65 1.96 5.7-11.0 9
3 17.67 7.07 12-22] 2
  
   
 
Fig. 2.4.1










    
 
  
Chlorophyll 3 concentrations in nearshore areas were in the mesotrophic
range, i.e. 3—4 pg/L. In the vicinity of the Grand River mouth, the mean level
was 17 pg/L in August 1976 (Figure 2.4.1), double that observed in spring.
Intensive surveillance was conducted in 1978 along the southern shoreline
of Lake Erie in accordance with the GLISP. Preliminary results for the
eastern, central, and western basins are discussed below.
The nearshore zone is an area of high variability. Table 2.4.1 illustrates
that the variability of total phosphorus incurred by analytical procedures
(standards, splits, replicates) is low compared to the day-to-day changes
observed in water quality, emphasizing the need for intensive sampling to
assess nearshore water quality. All data presented are three-day averages per
cru1se.
Total phosphorus concentrations at the mouth of major tributaries in Lake
Erie are illustrated in Figure 2.4.2. The data show a general trend of
decreasing phosphorus concentration as one progresses from the western basin
to the eastern basin. In the eastern basin, nearshore total phosphorus levels
ranged from 0.01 to 0.17 mg/L. High total phosphorus concentrations were
consistently measured at the entrance to Presque Isle Bay (Erie, Pennsylvania)
and at Buffalo near Smoke Creek. In the central basin, the Rocky River had a
large effect on phosphorus concentrations in the nearshore waters as did the
Maumee River in the western basin.
Nearshore mean concentrations of chlorophyll a rarely exceeded 7 pg/L in
the eastern basin although values of 120 ug/L were recorded at Presque Isle
Bay. Highest values in the eastern basin were recorded between August and
September. In the central basin, nearshore chlorophyll a concentrations were
high in both the spring and late summer. Average chlorophyll a values in the
central basin were 20 pg/L. Chlorophyll a concentrations in the western
basin ranged between 4.0 ug/L and 207 pg/L with an average spring value of
11.1 ug/L, and a summer value of 32.2 pg/L. Highest concentrations were found
in Brest Bay and Maumee Bay.
Long term trends of water quality in the nearshore area were assessed in
each basin using either water intake data or by referring to values recorded
in the literature.
At Presque Isle Bay, there has been a decrease in alkalinity (Figure
2.4.3) since 1920, but little change of sulfate and chloride. The latter
would appear to be contrary to general increasing trends of chloride and
sulfate observed in the Great Lakes (see Section 2.1.0).
In the central basin, levels for conductivity, calcium, sodium and potas-
sium, chloride, and sulfate (Figure 2.4.4) were compared to levels estimated
from the rates of increase reported by Beeton (1964). These trends (Beeton)
were based on data from nearshore regions and the open lake. The combining of
such different limnological regions produces "noisy" trends. The comparison
with 1978 data is only to illustrate that the concentrations of these elements
were lower than would be expected from Beeton's estimate (except for conducti-





VARIABILITY 1N NEARSHORE DATA. LAKE ERIE, 1978
   
   
   
      
ADJACENT
STANDARDS SPLITS REPLICATES DAYS OVERALL
MEAN .87 1.94 3.19 11.73 29.29
% Contribution to 2.97 3.65 4.27 29.16 59.95
to OveraTT A
VARIANCE .325 5.62 17.08 293.6 737.1
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1920- 1974 WATER INTAKE DATA }
1978 1978 NEARSHORE MONITORING PROGRAM,
STATION ERIE 6
Fig. 2.4.3 HISTORICAL COMPARISON OF ALKALINITY, SULFATE, ‘











































































TRENDS FOR CONDUCTIVITY, CALCIUM, SODIUM AND POTASSIUM,
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Fig. 2.4.5 TRENDS IN MEAN MONTHLY CONDUCTIVITY, ALKALINITY,









































   
1970 1971 1972 19731974 1975 1976 1977 1978
YEARS
1970 1971 1972 19731974 1975 1976 1977 1978
YEARS
Fig. 2.4.6 TOTAL PHOSPHORUS CONCENTRATION AND MASS




WATER QUALITY TRENDS FROM LAKE ERIE WATER INTAKES
       
AMHERSTBURG UNION BLENHEIM ELGIN DUNNVILLE
TotaI 1976 0.072 0.037 0.030 0.042 0.060
Phosphorus 1977 0.061 0.032 0.024 0.040 0.040
mg/L 1978 0.032 0.034 0.024 0.037 0.039
ChIoride 1976 14.9 19.7 20.2 20.8 23.2
mg/L 1977 15.9 20.0 19.7 21.0 21.5
1978 15.0 21.1 18.8 19.9 21.8
Conductivity 1976 254 290 — 315 325
us/cm 1977 271 276 293 303 319
1978 256 281 293 306 320
DissoIved 1976 0.53 0.38 0.48 0.21 0.54
Reactive 1977 0.70 0.23 0.21 0.23 0.16
SiIicate 1978 0.69 0.39 0.21 0.23 0.29
mg/L
ChIorophyII a 1976 4.6 3.6 4.1 4.4 4.6
ug/L " 1977 4.7 3.1 2.3 2.8 4.6
1978 2.3 2.8 3.3 3.6 3.6
TABLE 2.4.3
SUMMARY OF 1978 ESTIMATED PHOSPHORUS LOADING DATA
TD LAKE ERIE
(aII vaIues are in metric tonnes/year)
     
 
 
MICHIGAN OHIO PENNSYLVANIA NEW YORK ONTARIO TOTAL
Direct Industriai
Discharge 132 26 3 - 30 191
Direct MunicipaI
Discharge 2,817 1,378 158 28 59 4,440
Tributary:
Monitored 476 7,835 - 121 1,637 10,070
(standard error) (35) (894) - (25) (88) (899)





Unmonitored Area United States 2,448, Canada 356 2,804
(standard error)1 (394) (39) (396)
TOTAL 18,384
Estimated input2 from Lake Huron 1,080
TotaI estimated input to Lake Erie 19,464
Target Loads, 1978 Great Lakes Water QuaTity Agreement 11,000
Totals may not sum due to rounding.
1Standard errors caIcuIated from tributary Ioading estimates used in making
adjustments.


























FOR THE CENTRAL AND EASTERN BASINS OF LAKE ERIE (ug/L P)
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NVFOLIMNEYIC DISSOLVED OXYGEN (mg/L)





































































   











































































































































throughout the year, but the low values in the western basin might reflect the
chloride concentrations of the Detroit River (Table 2.4.8) and its influence
on water quality in the western basin.
2.4.2 CONTAMINANTS
During 1978, intensive surveillance programs on wildlife and fish contam-
inants were performed. Results of these studies are presented below.
FISH
Results of contaminant analyses on several species of fish from Lake Erie
conducted in 1978 by the Ontario MOE indicated large rainbow trout and small
mouth bass in the western basin exceeded the Canadian health protection guide-
line of 2.0 ug/g (edible portion). Mercury levels in yellow pickerel and
white bass from the western basin have not changed significantly from those
reported in 1977 and exceeded the 1978 Agreement objective of 0.5 ug/g.
Mercury levels in Lake Erie spottail shiners ranged from 0.04 to 0.05 ug/g.
Results of analyses for several contaminants in smelt, yellow pickerel,
and coho salmon conducted by Environment Canada are presented in Table 2.4.6.
Mean concentration of PCBs in coho salmon exceeded the 0.1 ug/g Agreement





































Port Stanley. Mirex has previously been reported in 1974 in alewives, channel
catfish, and white bass at concentrations of 0.01, 0.02, and 0.03 ug/g,
respectively.
WILDLIFE
Most measured contaminants have decreased in herring gull eggs collected
from colonies at Port Colbourne and Middle Island (Table 2.4.7). Dieldrin has
exhibited the smallest change which is consistent with data from all of the
Great Lakes. These Lake Erie colonies have consistently shown the lowest
dieldrin levels monitored on an annual basis.
The first of two intensive assessments of herring gulls on Lake Erie was
conducted in 1978.
Residues in eggs were also monitored on three other colonies as part of
the intensive surveillance program: Mohawk Island on the Canadian shoreline
in the eastern basin; Middle Sister Island in the western basin; and Fighting
Island in the Detroit River (Table 2.4.7). Residue levels of PCBs in Fighting
Island colonies were the highest of any reported on the Great Lakes in 1978.
' Reproductive success in 1978 was within the normal range and was estimated
304ge 1.4-1.7 for two colonies. Previous reproductive rates (1974) were 0.32-
38
 FISH CONTAMINANT DATA FROM LAKE ERIE
TABLE 2.4.6
(WHOLE LAKE PROGRAM). 1978
    
SMELT YELLOW PERCH COHO SALMON



























































































































































































Mirex Not Detected Not Detected

























1Each samp1e consists of five fish composites.
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2.4.3 DETROIT AND ST. CLAIR RIVERS
DETROIT RIVER
Sampling on the Detroit River has been similar over the period 1967
through 1978. Sampling ranges and station locations are presented in Figure
2.4.8.
In 1978, nine sampling cruises were conducted at the head and ten
cruises were conducted at the mouth of the river.
A comparison of Detroit River results with water quality objectives of the
1972 Agreement yields the following information:
1.
Dissolved oxygen concentrations met the 6 mg/L minimum objective for
all but 7 of the 375 samples collected.
All violations occurred in
the Trenton Channel stations on the same day in July.
For the entire
river, dissolved oxygen concentrations ranged from 3.7 mg/L to 12.2
mg/L.
2.
The pH objective was met for all of the 376 samples taken.
3.
Total iron concentrations exceeded the Agreement objective of 300
pg/L at 200 of the 375 samples taken.
This objective was exceeded
at least once at all stations.
'
4.
Phenol concentrations exceeded 1 pg/L at least once at all but one
station.
As
in past years, the highest levels were detected from
range 19.0 and downstream near the United States shore.
Concentra-






















































coliform counts below 200 per 100 mL.
This level was exceeded for 91
of the 367 samples or 25% of all samples.
Ontario's standard for
fecal


















































icantly since 1968 (Figure 2.4.9).
ST. CLAIR RIVER
A biological study in May and August of 1977 along the St. Clair River
examined the effects of industrial
and municipal discharges on bottom fauna
populations.
This study was aimed at updating the findings of a previous
41
 LAKE ST CLAIR
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Water Water Water Water Water Water Water Water Water Water WUIUI‘
Year Year Year Year Year Year Year Year Year Year \i‘dr
PARAMETER 67 68 69 70 71 72 73 74 73 7o 77




Total Iron 0.69 0.73 0.56 0.52 0.37 0.60 0.39 0.35 0.41 .55 .43
(mg/1)
 























































    
 LOADIHGS TO LAKE ERIE FROM THE DETROIT REVER
Data from the Detroit River Monitoring Program carried on by Michigan were used to prepare the tahTe below. The table shows the mean daily Toadinq
rate of ten water quaTity parameters at the mouth of the Detroit River, approximately 3.9 miles upstream. Data at ten stations across Range 3.9
were used to calculate the loadings, which represent the amounts of the various materials enter‘no Lake Erie.
PERIOD OF RECORD — WATER YEAR BASIS
Mean Daily Loadings as KG/DAYl Passing Range DT 3.9 at the Mouth of the Detroit River





























































































































































































































































LBS/DAY = KG/DAY * 2.21
Summation of dissolved solids and suspended solids
Nitrate nitrogen for Water Year 1967 through August 1972.

















































































I‘EAN HATER YEAR FLDVS ARE BASED ON MEAN MONTHLY
FLOWS. 90 PERCENT CONFIDENCE INTERVALS ARE INDICATED.
20000.4
MEAN TOTAL PI’KJSPHORUS LOADING RATES HITH
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study conducted in August 1968 and at assessing the effectiveness of remedial
programs undertaken at industrial and municipal facilities along the Canadian
shoreline of the river. The findings of the 1968 study were documented in the
Appendix B of the 1974 Water Quality Board Report.
Figure 2.4.10 depicts four major zones along the Canadian shore and the
average number of taxa per station in each zone. A diverse benthic macro-
invertebrate community was observed in the upper reaches and along the United
States shoreline indicative of good water quality. In the vicinity of indus-
trial discharges (zones B & C), a significant improvement in benthic fauna
community was observed.
The average number of taxa per station increased from
5 in 1968 to 12 in August 1977.
In the lower reaches of the river, organisms intolerant of pollution had
reestablished themselves and were similar to those observed along the adjacent
United States shoreline.
2.4.4 PROBLEM AREAS
LAKE ERIE NEARSHORE AND BEACHES
In the eastern basin of Lake Erie, total mercury levels frequently viol-
ated Agreement objectives of 0.2 ug/L with values up to 6.1 ug/L being
reported off Presque Isle.
Violations were common off Erie and Dunkirk. Total
ammonia (NH3) concentrations ranged from <0.002 mg/L to 0.37 mg/L with the
highest value found near Buffalo.
Dissolved oxygen concentrations below 6
mg/L were also observed off Erie and Buffalo.
No metal data were available at
the time of this report.
Studies in the western basin found the dissolved oxygen levels were below
6 mg/L on the summer cruises along both the Michigan and Ohio shorelines.
Copper and zinc concentrations (reaching levels of 192 and 230 ug/L, respec-
tively) frequently violated Agreement objectives.
These observations are from preliminary review of the 1978 data. There is
sufficient evidence to note that degradation of water quality by metals is a
high priority environmental problem along the south shore of Lake Erie.
Problem areas identified in Lake Erie are summarized in Table 2.4.10, and
a review of water quality at Ashtabula and Pine River are presented below.
Ashtabula
Water quality monitoring at the Ashtabula water intake found violations of
chromium (>0.08 mg/L). Similar surveys at the Mentor Water Intake found
violations of zinc and ammonia confirming results of the nearshore study
previously presented.
Elevated levels of PCBs, mercury, and dieldrin have been reported by the
United States EPA in the upper portion of the river mouth, and HCB has been
detected in fish taken from the Ashtabula River.
46
  






















































PROBLEM AREAS IN LAKE ERIE AND LAKE ST. CLAIR. 1978
OBJECTIVE 0R STANDARD
  
PROBLEM VIOLATED COMMENT ON
AREA 1978 WATER QUALITY AGREEMENT STATUS JURISDICTION SOURCE
Thames River Total Dissolved Solids (b, P) Not sampled in 1978. See Ontario MOE, 1975
(<200 mg/L) Appendix B 1975.
St. Clair River Dissolved Organic Benthic fauna improved during Ontario MOE, 1977
Contaminants (a, P) 1968-1977. Zones of
Annex 1, 1, (1b) degradation downstream of
. industrial sites noted
Fish Tainting (a, R) (see Section 2.4.3). No 1978
Annex 1, C, 4 fish tainting reported in
1978.
Detroit River Total Coliform (a, P) See Section 2.4.3 for Ontario - MDNR, 1978
Fecal Coliform (a, P) detailed assessment. Total Michigan MOE
Annex 1, III coliform violation reported
by MOE in Windsor-
Phenol (a, P) Amherstburg reach. Urban
(<1.0 ug/L) drainage (windscr-
Amherstburg STP) source
of violation.





(Clinton River) Fecal Coliform (b, P) Break in sewer line did not Michigan MDNR
have major effect on water
Total Dissolved Solids quality in Lake St. Clair





Total Iron (b, P)
(<0.3 mg/L)






Toledo Eutrophication (b, P) Intensive nearshore studies Ohio CLEAR, Ohio
Annex III found intensive oxygen State Univ.
depletion during the 1978
Fecal Coliform (b, P) summer. Mean total phos-
Annex 1, III phorus of 312 ug/L in
April and June. Ammonia
Zinc (a, P) and conductivity viola- 0EPA
(<30 ug/L) tions also noted. Oxygen
 
Dissolved Oxygen (b, P)
(>6.0 mg/L)
 
water intake noted zinc




Table 2.4.10 - Cont'd.
    
OBJECTIVE OR STANDARD
PROBLEM VIOLATED COMMENT ON
AREA






Two out of eight observations
Ohio
CLEAR, 1978
Annex III from April-November
exceeded coliform count of
Fecal Coliform (b, P) ‘72 Agreement. Violation
Annex 1, III for phenol also noted once
out of four cruises.





(<5 ug/L) 30-40 ug/L observed at
Sandusky water intake.
Huron River Total Inorganic Nitrogen Low oxygen levels found in
Harbour (b, P) z 24 out of 42 bottom
(<0.3 mg/L) ‘ observations. Violations
of conductivity and fecal
Chemical Oxygen Demand coliform also noted.
(b. P)
(< 7 mg/L offshore OEPA) l !




Manganese (b, P) I
(<0.05 mg/L) 1
I
Arsenic (b, P) E
(<50 ug/L) (
Black River
Fecal Coliform (b, P)
) Water quality problems
Ohio
I OSU, 1978
Annex I, III E previously reported by







studies of 1978 as
3














Dissolved Oxygen (b, P)
i Water quality surveillance
Ohio
OSU
(>6.0 mg/L) in nearshore confirmed
previously reported










performed in 1978 according
to GLISP.
Dissolved Oxygen (a, P)
(>6.0 mg/L)
Fecal Coliform (a, P)
Annex 1, III
Fluoride (a, P)










No status report in 1978.
No status report in 1978.
No status report in 1978.








































     
      



































































































































































































































































































































































































































































































































































































































































In 1977, the Pine River was identified as a problem area because of high
fecal coliform levels in the St. Clair River. As no violation of Agreement
objectives were noted for coliforms in this section of the river during 1978,
this area has been deleted as a problem area.
2.5.0 LAKE ONTARIO
Annual surveys of Lake Ontario were conducted by the Ontario MOE and
Environment Canada. The following is a summary of these studies plus the
annual contaminant studies performed in 1978, and a summary of water quality
in the St. Lawrence River.
2.5.1 EUTROPHICATION
NEARSHORE
Studies conducted in the spring of 1976, 1977, and 1978 in the nearshore
zone of Lake Ontario, between the Niagara River mouth and Cobourg, defined
five major water quality regions (Figure 2.5.1). Water quality within each of
these regions was found to be relatively homogenous while being statistically
different from that in the adjoining regions. This partitioning of nearshore
water quality was based on data collected in triplicate each spring along a
series of transects situated perpendicular to shore and extending to the 50 m
depth contour. Detailed analysis of these data further revealed that the
temporal variability in the nearshore often exceeded spatial variability.
This finding led to a nearshore monitoring program based on a reduction of
station locations in favour of more frequent sampling.
In 1978, the MOE began testing the effectiveness of such a program through
weekly monitoring of a region east of Toronto (Region D) along a single
transect composed of stations set out at the 4, 8, 12, 16, 32, and 50 m depth
contours (Figure 2.5.1 (inset)). Selection of these sampling stations was
based on inshore-offshore gradients in nutrient regimes and phytoplankton
populations. The objectives of the study were aimed at defining temporal
trends in the trophic status of the region. This was accomplished through an
assessment of phytoplankton biomass in relation to the governing nutrient
regimes and physical conditions imposed by the dynamics of the nearshore zone.
A temporal regime characterized by a distinct epilimnion, hypolimnion, and
thermocline rarely develops in these zones. Such an occasion, however, arose
on July 25 when, following a period of prolonged calm, a strong thermocline
was observed and phosphorus and chlorophyll gradients became established
(Figure 2.5.2). In—depth investigations conducted during this period revealed
the existence of a double chlorophyll a peak showing a maximum in the thermo-
cline at 8 m and another maximum below the thermocline at 17 m. Phytoplankton
enumerations, on the other hand, revealed only one peak which corresponded
with the sub—thermocline chlorophyll g_maximum and not with the larger thermo-
cline chlorophyll a_peak as was expected (Figure 2.5.3). The phytoplankton
peak at incident light levels of less than one percent and composed mainly of
Cryptophyceae which are known to be heterotrophic and therefore capable of
adapting to low light levels. Poor correlation achieved between total
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Fig. 2.5.2
DISTRIBUTION OF TOTAL PHOSPHORUS AND CHLOROPHYLL g
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Fig. 2.5.3 VERTICAL PROFILE OF TOTAL PHYTOPLANKTON, TEMPERATURE,




    
  
    
chlorophyll a_content of these heterotrophic algae. These findings suggest
that studies attempting to address the eutrophication issue should rely on
direct estimates of biomass.
On almost all cruises in 1978, the nearshore stations were characterized
by vertical gradients of dissolved nutrients, which showed severe depletion in
the upper waters throughout most of the summer followed by hypolimnetic
regeneration in early fall. On numerous occasions, strong inshore-offshore
gradients developed with highest concentrations found nearest to shore (Figure
2.5.4). These gradients were most pronounced in the latter part of the year
(September-November) and may have been associated with the development of a
fall thermal bar.
On several occasions throughout the year, bottom samples (2 m off bottom)
exhibited elevated levels of phosphorus and chlorophyll a (Figure 2.5.5). The
changes in algal populations with depth result in the need for verification of
"water intake data as it relates to the nearshore zone. Table 2.5.1 illustrates
decreases of total phosphorus and chlorophyll a at three water intakes which
support the recently reported decline of phosphorus in Lake Ontario. The
importance of an investigation aimed at defining temporal behaviour of phys-
ical, chemical, and biological parameters within a water column lies in its
ability to yield information in the following three areas: long term trends;
evaluation of intake and outfall locations; and aquatic habitats such as
spawning grounds.
OPEN LAKE
Analysis of the data collected during the nine 1978 cruises in the off-
shore waters (>2 km) of Lake Ontario indicated a continuation of the total
phosphorus decrease reported last year. This would suggest that the lake is
gradually approaching its recommended state (10 ug/L phosphorus, spring
concentration), as outlined in the 1978 Annual Report of the Research Advisory
Board (now Science Advisory Board).
The analysis was conducted by dividing Lake Ontario into 17 zones of
relatively homogeneous internal composition based on observed changes in
several physical, biological, and chemical variables. Every zone is different
from another with respect to at least one prominent variable (Figure 2.5.6).
Total phosphorus concentrations within each zone were calculated so that a
volume weighted mean concentration at any depth for each zone could be deter-
mined. To minimize vertical variability, only data collected during iso-
chemical conditions (before mid—April) were used in the time-trend analysis.
When plotted, the data showed a 15-20% lakewide total phosphorus decrease
(P<0.01) betwen 1977-1978. The zonal changes during 1977-78 are shown in
Figure 2.5.6.
Trend analysis by linear regression and rank correlation methods indicated
that the volume weighted mean lakewide total phosphorus concentration has
decreased steadily over the last few years. The trends for zones 5, 6, 12,
and 25 (whole lake) are shown in Figure 2.5.7. Zone 5 exemplifies the steady
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Fig. 2.5.5 DISTRIBUTION OF TOTAL PHOSPHORUS AND CHLOROPHYLL g
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 The nitrogen content of Lake Ontario, measured by the spring concentra-
tions of nitrate plus nitrite, is still increasing. However, the incremental
increase during 1977-78 is much smaller than the mean yearly increase of 11
pg/L/yr during the period 1969—77 as reported last year. The data were
analyzed with the same zonal pattern and analysis techniques used to determine
total phosphorus trends. Trend analysis was performed on data from both 1 m
and 40 m depths. Statistical analysis indicated an excellent fit for the data
and the increases found from 1969 to 1978 in all zones are statistically
significant (P<0.05).
Durin 1978, zone 9 (Niagara) showed the greatest increase while zone 7
(Hamilton? showed a decrease. Figure 2.5.8 shows the trends in these zones
and also lakewide. The lakewide mean nitrate-nitrite concentration has
increased by 87.9 pg/L over the past 10 years.
Water transparency data, as determined by transmissometer profiles (0-30
meters) and secchi disc readings indicate that over the past few years the
clarity of the open lake waters has improved. Transmissometer data from the
spring cruises (same cruises used for phosphorus and nitrogen trends) were
compared from year to year for each zone. Zone 6 (Toronto) indicated the
highest improvement in clarity.
Chloride concentrations increased from 7 mg/L in 1907 to 26 mg/L in 1966
and 28.5 mg/L in 1971. However, since 1972, there has been no increase in
chloride levels (Figure 2.5.9). This recent stabilization of chloride
concentration in Lake Ontario is probably attributable to the increased water
outflow from the lake. Thus, the loading and discharge of chloride to and
from Lake Ontario would appear to have reached an input-output equilibrium.
This implies that, if future loadings remain constant, the chloride concen-
tration in the lake will rise and fall inversely with the water level in the
lake.
Specific conductance (TDS) data can be used for the same purposes as
chloride. However, the usefulness of these data is limited by the fact that
some of its ionic components (notably Caz), HCO; and Mg+2) undergo a
seasonal variation which often is larger than its year to year or areal
differences in the lake. Hence, only data from the spring cruises are used in
the trend analysis. Over the last seven years, no trend can be established
(Figure 2.5.9). The specific conductance has ranged between 320 and 340
microsiemens at 25°C. Using a specific conductance to TDS conversion factor
of 0.62, the total dissolved solids levels in Lake Ontario are in violation of
the 200 mg/L Agreement objective.
Chlorophyll a data in 1978 were obtained with a 0-20 m integrator from 95
stations on nine cruises. The dates of the cruises, the number of samples
taken, the mean value, and the corresponding standard deviation are given in
Table 2.5.2. Chlorophyll a lakewide mean values increased from March to July,
and then remained at a constant level throughout the rest of the sampling
period. The highest chlorophyll a readings were obtained on the last cruise
in November, indicating that the entire seasonal cycle was not sampled.
High concentrations of cthrophyll a continued to be found at Rochester,
Oswego, Black River, and at the mouth of the Niagara. High chlorophyll a
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WATER QUALITY TRENDS IN LAKE ONTARIO
     
SOUTH PEEL KINGSTON BROCKVILLE
TotaI 1976 0.050 0.037 0.034
Phosphorus 1977 0.049 0.027 0.041
mg/L 1978 0.034 0.024 0.025
ChIoride 1976 32.0 30.5 31.0
mg/L 1977 30.4 30.4 30.2
1978 30.2 27.7 27.9
Conductivity 1976 347 326 325
us/cm 1977 347 324 320
1978 334 327 324
DissoIved 1976 0.50 0.76 0.65
Reactive 1977 0.23 0.46 0.28
SiIicate 1978 0.76 0.26 0.19
mg/L








1978 2.3 1.7 1.9
TABLE 2.5.2
CHLOROPHYLL g (CORRECTED FOR PHEOPIGMENTS) MEAN.
STANDARD DEVIATION, AND NUMBER OF SAMPLES TAKEN
FOR EACH SURVEILLANCE CRUISE, LAKE ONTARIO. 1978
 
   
STANDARD NUMBER OF
DATE MEAN DEVIATION SAMPLES TAKEN
Mar. 20-23 1.33 0.76 82
Apr. 10—14 2.33 1.24 92
















































   
   
Phosphorus loadings to Lake Ontario during 1978 were estimated to be 5,693
tonnes/yr (Table 2.5.3). Compared to 1976 and 1977 loadings of 7,082 tonnes/yr
and 6,187 tonnes/yr, there has been relatively little change in nutrient
loadings. The decreases in lakewide concentrations are, therefore, not a
direct response to remedial loading control programs.
2.5.2 CONTAMINANTS
FISH
Results of contaminants analysis for several species of fish collected in
Lake Ontario during 1978 are presented in Table 2.5.4. Mean concentrations of
DDT exceeded the Agreement objective of 1.0 ug/g in whole fish for lake
trout, rainbow trout, and coho salmon. The Agreement objective of 0.1 ug/g
for PCB residues in whole fish was exceeded in each of the five species
analyzed. Mean concentrations of mirex in smelt, lake trout, rainbow trout,
and coho salmon exceeded the Agreement objective of 0.1 ug/g in whole fish.
There has been essentially no change in residues of P085 or mirex since these
compounds were banned.
Contaminant residue levels in fish collected near Toronto Harbour are
discussed in Section 2.5.4 (Problem Areas).
WILDLIFE
Declines in residues of PCBs, DDE, HCB, and mirex are evident on both Lake
Ontario herring gull colonies monitored between 1974 to 1978 (Table 2.5.5).
Constant rates of decline were statistically valid for mirex and DDE over the
five-year period. The rate of decline for mirex is much faster than originally
considered possible by many experts. Since mirex loadings were limited largely
to one major source at Niagara with a secondary source at Oswego, this is
possibly an example of improvement in ecosystem quality due to contaminant
abatement. Other residues such as PCBs and HCB show similar trends.
Since 1974, the increase in reproductive success in herring gulls has
paralleled the decline in the major organochlorine residues and was measured
to be 1.2 in 1978.
2.5.3 ST. LAWRENCE RIVER
In 1977, six surveys were conducted between April and October to measure
the concentrations of nutrients, major ions, heavy metals, and organics in the
surface water of the International Section of the St. Lawrence River. The 74
sampling locations are shown in Figure 2.5.10. Major ions and metals were
measured on alternate surveys; persistent contaminants were measured twice at
12 selected stations.
There were no significant changes in the phosphorus levels between 1973
and 1977. Average phosphorus concentrations remained around .020 mg/L, approx-
imately .003 mg/L higher than the 1977 eastern Lake Ontario mean of .017 mg/L.
Total phosphorus concentrations downstream from Brockville to Cornwall
were generally higher than upstream values (Figure 2.5.10) . This pattern was
noted in each survey.
62
 TABLE 2.5.3


















   



































































































Estimated input3 from Lake Erie 5,250
TotaT estimated input to Lake Ontario 10,943
Target Loads, 1978 Great Lakes Water Quaiity Agreement 7,000
Estimated output“ from Lake Ontario 4,487
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Average total phosphorus concentrations in the river channel south of
Wolfe Island were in the range of .014 mg/L - .018 mg/L, whereas average
phosphorus concentrations in the channel north of Wolfe Island ranged from
.016 mg/L — .022 mg/L. The higher phosphorus concentrations in the North
Channel waters probably resulted from the input of the high nutrient water
from Bay of Quinte and the City of Kingston. Downstream from Brockville,
there is an increase in average total phosphorus concentration to about .025
mg/L. High concentration of phosphorus (.030 - .100 mg/L) were also detected
at the mouth of the Grass River (station 84) and the St. Regis River (station
77). The spatial distributions of soluble reactive orthophosphate and total
filtered phosphorus were similar to that for total phosphorus.
Phosphorus loadings to the International Section of the St. Lawrence River
were 383 tonnes/year as summarized in Table 2.5.6.
TABLE 2.5.6
SUMMARY OF 1978 ESTIMATED PHOSPHORUS LOADING DATA
TO THE INTERNATIONAL PORTION OF THE ST. LAWRENCE RIVER
(all values are in metric tonnes/year)
  
NEW YORK ONTARIO TOTALS
Direct Industrial Discharge O 26 26
Direct Municipal Discharge 23 122 146
Tributary:
Monitored 0 26 26
(standard error) . (2) (2)
Sub-Totals 23 174 198
Tributary:
Adjustment for Unmonitored .
Area United States 167, Canada 18 185
(standard error) (10) (1) (10)
TOTAL 383
   
Ammonia concentrations in the St. Lawrence in spring and fall averaged
.010 mg/L, while summer concentrations ranged between .026 - .040 mg/L.
Nitrate concentrations dropped from 0.250 mg/L in the spring to 0.060 mg/L in
the summer. Total Kjeldahl nitrogen, a rough measure of organic nitrogen,
fluctuated between .220 mg/L and .310 mg/L. All three fractions of nitrogen
showed identical spatial distributions parallel to those observed with total
phosphorus. As with total phosphorus, higher nitrogen concentration were
found north of Wolfe Island.
67
  
Average specific conductance for the St. Lawrence River in 1977 was 315
microsiemens. Mean specific conductance during the period 1968 to 1973 varied
between 317 to 326 microsiemens indicating no significant change in dissolved
solids. Using a conversion factor of .65, the total dissolved solids in the
St. Lawrence River in 1977 was 204 mg/L, just exceeding the Agreement objec-
tive of 200 mg/L. There was no noticeable downstream trend in specific conduc-
tance, although some river stations located immediately downstream from
tributary stations registered a lower specific conductance due to dilution.
The chloride concentrations in the St. Lawrence River ranged from 25.8 to
28.1 mg/L. These readings compared well with values of 27.6 - 28.5 mg/L
reported in 1969 to 1973.
Most of the metal concentrations found in the St. Lawrence River were in
trace quantities and well below the new Agreement objectives for metals. The
spatial variations of zinc, iron, and aluminum are shown in Figure 2.5.11.
One common feature of the variations is the high concentration of metals found
downstream of Cornwall by the Grass River, the Raquette River, and the St.
Regis River.
The average aluminum concentration found downstream from the
Grass River (station 84) was .090 mg/L, about three times higher than the up-
stream background concentration. The maximum aluminum concentration detected
was 0.200 mg/L at the mouth of the Grass River.
Spatial distribution of iron
was almost identical to that of aluminum.
Average iron concentration down-
stream from the Grass River was about .160 mg/L, while the background concen—
tration was about .060 mg/L.
Concentrations of .400 to .440 mg/L (exceeding
the objective of .300 mg/L) were recorded just downstream of the Grass River
and the Raquette River.
Although the concentration differences were smaller,
the high metal concentrations found at these river mouths suggest that these
rivers are sources of metal contamination.
Water samples were collected at 12 selected locations in June and August
for analysis of persistent organic contaminants. These included polychlorin-
ated biphenyls (PCBs), mirex, organochlorine pesticide residues, and some
chlorinated hydrocarbons. In all the tests, lindane and hexachlorocyclohexane
(«-BHC) were detected over the stretch of the river. The levels of BHC were
in the range of .003 - .008 ug/L.
Lindane concentrations ranged from .003 -
.007 ug/L (the Agreement recommended level for lindane in water is 0.010
ug/L). PCBs were detected only at the mouth of the Grass River (station 84)
at concentrations of 0.18 ug/L and 0.06 ug/L, and this are has been added to
the problem area list (Table 2.5.7).
2.5.4 PROBLEM AREAS
In 1977, six problem areas were identified in Lake Ontario.
During 1978,
two more problem areas were identified:
at Clarkson, Mississauga, and at the
confluence of the St. Lawrence River and the Grass River.
Problem areas are
summarized in Table 2.5.7.
The following is an update on the water quality at
Toronto Harbour.
TORONTO HARBOUR
Toronto Harbour has been a problem area with respect to bacteriological
contamination for many years.
Figure 2.5.12 compares total coliform distribu-
tion in Toronto for the two intensive cruise periods in 1978.
In late May
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Fig. 2.5.11. DISTRIBUTION OF ZINC, IRON, AND ALUMINUM





















   
 
 
' OBJECTIVE OR STANDARD
PROBLEM VIOLATED COMMENT ON
AREA 1978 WATER QUALITY AGREEMENT STATUS JURISDICTION SOURCE
Buffalo River Total Coliform (b, P) No status change reported - New York NYDEC, 1977
Annex 1, III see Appendix B, 1977 Water
Quality Board Report.
Fecal Coliform (b, P)
Annex 1, III
Upper Niagara Total Coliform (a, P) No status change reported - New York NYDEC, 1977




Lower Niagara Total Coliform (a, P) No status change reported - New York NYDEC, 1977




Niagara River Total Coliform (a, P) No status change reported — New York NYDEC, 1977
to Eighteen Annex 1, III see Appendix B, 1977 Water
Mile Creek Quality Board Report.
Rochester Total Coliform (a, P.) No status change reported — New York NYDEC, 1977
Embayment Annex 1, III see Appendix B, 1977 Water
Quality Board Report.
Fecal Coliform (a, P)
Annex I, III ;
Oswego Harbour Chlorides (a, P) No status change reported - New York NYDEC, 1977




Bay of Quinte Dissolved Oxygen (a, P) Ontario Environment
Adolphus Reach (>6 mg/L) Canada, 1978
Eutrophication (a, P)
Annex III
Toronto Harbour Fecal Coliform (a, P) Decreased bacteria levels Ontario MOE, 1978
Annex I, III and lower phosphorus
concentrations (see
Total Coliform Section 2.5.4) (this
Annex 1, III report).
Eutrophication
Annex III
Clarkson, Phenol (a, P) Phenol plume observed off Ontario MOE
Mississauga (<1.0 ug/L) refineries. No serious
taste or odour problems
noted at local water
intake.
Hamilton Harbour Dissolved Oxygen (a, P) Surveillance in 1978 found Ontario MOE, 1978







Grass River PCBs PCB levels measured in June New York Environment
and August 1977 were 0.18 Canada
and 0.06 ug/L. Source
of contamination is being
investigated.
a = sampled in boundary waters P = violation with present discharge
b = sampled in tributary R = violation with remedial program ongoing
7O
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MOE total coliform objective of 1000/100 mL, except for the mouth of the Don
River, the Ship Channel Turning Basin (receiving sewer overflows), and the
Main STP outfall area south of Ashbridges Bay. In early October (high rain-
fall conditions), however, total coliform densities were not in compliance in
most of the inner harbour (Figure 2.5.13), but fecal coliform levels were in
compliance throughout the study area.
Waterfront bacteriological monitoring, including recreational areas, is
carried out once weekly (May 24 to September 1) in Toronto by the City Public
Health Department. Although mean total and fecal coliform levels were general-
ly worse in 1977 than in the previous four to five years, an overall improve-
ment was evident in 1978. While all public swimming areas exhibited water
quality within provincial microbiological objectives, these objectives were
exceeded along the western waterfront near the Humber River mouth, near
Ontario Place, and in Ashbridges Bay.
Daily synoptic bacteriological data from three different areas of the
waterfront indicated an overall improvement in water quality from 1977 to 1978
for the period May 16 to August 16. Probability plots of total and fecal
coliform data for 1968, 1977, and 1978 for station 1364 in the inner harbour
(Figure 2.5.13) show a downward trend for fecal coliform counts which was
verified by multiple range comparison tests. Total coliform counts were less
in 1978, but the downward trend is not as significant as for fecal coliforms.
These trends are probably due to a combination of weather conditions (dry
summer in 1978) and remedial measures (new Island Park sewer system completed
in June 1978 and new Mid-Town Interceptor Sewer which began operation in the
spring of 1978).
Nutrient enrichment remains a problem in Toronto Harbour in 1978. Total
phosphorus distributions for the 1978 intensive cruises are shown in Figure
2.5.14. Major phosphorus sources are: Don River; Main STP outfall; major
storm sewer outfalls at Ashbridges Bay; and an apparent diffuse source in the
island lagoons. The potential phosphorus source in the island lagoons may
primarily be heavy boat traffic causing resuspension of enriched sediments.
Although no significant change is evident between 1976 and 1978 in total
phosphorus levels, a significant downward trend is shown in Table 2.5.8 for
daily synoptic data from station 1364 from 1968 to the 1976-78 time period.
This trend was verified by multiple range comparison tests and is probably due
primarily to the 1970 phosphorus ban and, in part, to recent remedial measures
discussed above.














YEAR MEAN DEVIATION RANGE NUMBER
1968 88 _: 37.0 176 - 29 27
1976 34 i 8.6 52 — 18 22
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Fig.2.5.14. TOTAL PHOSPHORUS DISTRIBUTION (pg/L) IN TORONTO HARBOUR,































































































































































































































































































































































































































































































































































































































































































































































































































































































































































from Lake Ontario samples analysed intensively in previous years.
Octachlorostyrene and three isomers of heptachlorostyrene were also
prevalent in the Lake Erie samples. Since chlorinated styrenes have been






































chlorostyrene which is not produced or marketed as any known product.




















parameters in 1978 and are reported on for each lake.
Other residues that were identified in the intensive analysis of Lake



















Chlorinated dibenzodioxins and chlorinated dibenzofurans were not
detected, (i.e. less than 10 parts per billion) from the Lake Erie samples.
Intensive analysis in 1979 will determine the presence or absence of these
compounds in the comprehensive multi-lake survey.
The observation of dioxin in fish from Saginaw Bay (0.01 to 1.0 ng/g) and
from Lake Ontario (0.004 to 0.005 ng/g) wil be confirmed in 1979, and an





 [gum] DATA QUALITY ASSURANCE
The effectiveness of the International Great Lakes Water Quality Surveil-
lance Program depends on the successful integration of many complex activities
by the participating agencies. A fundamental and essential need within the
program is data quality assurance.
The Data Quality Work Group of the Surveillance Subcommitteewas formed to
develop and conduct a quality assurance program to ensure that the chemical
and physical data obtained for the Great Lakes International Surveillance
Program (GLISP) are sufficiently precise and accurate.
To meet its responsibilities, the Work Group first developed a Quality
Assurance Statement which describes the need to:
o conduct interlaboratory tests to determine if laboratories can get
comparable results on samples, and if such results are not obtained,
effect corrective action; .
0 define an acceptable minimum program for intralaboratory quality
control;
0 document and evaluate the suitability of various procedures used by
each laboratory; and
0 develop field sampling and sample handling protocols.
Since the Surveillance Subcommittee report of last year wherein the work
group briefly described its initial activities including summary findings
derived from its first large scale international interlaboratory study, much
has been accomplished. This chapter covers what has been done, including an
evaluation of the efforts to date, and describe what is yet to be done.
INTERLABORATORY ANALYTICAL PERFORMANCE STUDIES
The most efficient and effective way to determine if laboratories can
achieve comparable results is through interlaboratory studies.
The Work Group has conducted five such studies this year with natural and
spiked samples and one study usingreference ampuls.
The studies were:
nutrient reference standards - Ampul
trace metals, major ions, and nutrients - Study #21




trace metals — Study #23
total phosphorus - Study #24
silica - Study #25
The following general procedures were used for these studies: The lab-
oratories to participate were identified based upon the kinds of analytical
data they would supply to the Surveillance Program. For each study, transmit-
tal letters were enclosed with the test samples. Also included were forms for
reporting results, tables listing the range of sample levels, special instruc-
tions and information on study sample preparation, and a methods questionnaire.
APROCEDURE USED FOR THE EVALUATION OF RESULTS
Results reported by a particular laboratory were only known by the Work
Group members and the individual laboratory. Results were evaluated for bias
by a modification of Youden's ranking procedure augmented by a system of flag-
ging individual errant results.
i) RANKING RESULTS
Results were ranked and ranks totalled for each laboratory's results on’a
specific characteristic. Totals which were unduly low or high were inter-
preted as an indication of biased results, that is, consistently high or
low analyses. Testing was done at an approximate a level of 0.05 so
there was about one chance in twenty that an unbiased set of results would
be deemed biased.
ii) FLAGGING RESULTS
The rationale underlying the classification of certain results as errant
was as follows: if several participating laboratories demonstrated the
ability to achieve a certain level of performance, then all participating
laboratories should have been able to achieve that performance level, and
results that are outside the achievable level of performance were judged
errant.
Specifically, the median of all reported values on a sample was used as a
target value, and a basic acceptable difference from the target value was
determined from the performance of the participating laboratories. The
basic acceptable difference was increased for samples of higher concen-
trations. Reported values which were further than the acceptable dif-
ference from the target value were flagged, and doubly flagged if they
were more than one and a half times the acceptable difference from the
target value.
Each laboratory received an individual report on its performance. The
report consisted of suggestions for areas of improvements, a list of all
data and their ranks, individual flags, overall study conclusions, and




DESCRIPTION OF STUDIES AND RESULTS
TRACE METALS, MAJOR IONS, AND NUTRIENTS — STUDY #21
January; 21 Laboratories Participated
Study #21 included a set of six natural water samples and two ampul
concentrates (to be diluted by the laboratory) for the following metals:
aluminum, cadmium, cobalt, chromium, copper, iron, manganese, molybdenum,
nickel, lead, vandium and zinc. Two water samples and four ampul concentrates
were distributed for total nitrogen, total Kjeldahl nitrogen, nitrate plus
nitrite, phosphorus, and silica. In addition, another set of two ampuls was
sent out for organic carbon. Six additional samples of natural (stabilized)
lake water for chloride, sulfate and reactive silicates, were also distributed.
Findings:
METALS
It was concluded that open lake and nearshore laboratories must report all
data to the nearest pg/L for copper, iron, nickel, lead, and zinc. Although
many laboratories reported "less than" values especially for zinc and iron,
these metals were probably present above 1.0 ug/L. However, the laboratory
environment or sample inhomogeneity may have caused unreliable data through
imprecision, undetected blanks, or contamination. Copper, lead, and nickel
were reliably reported.
MAJOR IONS AND pH
It appeared that most laboratories could analyze sulfate to be nearest 0.5
mg/L in the 0 to 30 mg/L range. This was judged as adequate for the Surveil-
lance Program, but all laboratories were encouraged to analyze to that concen-
tration or better.
No problems were found in chloride measurements except when a specific ion
electrode probe was used. Laboratories were encouraged to discontinue the use
of this probe for measuring chloride in open lake waters.
Agreement was not reached on pH or specific conductance.
NUTRIENTS
Silica results were quite scattered, and several laboratories used methods
incorrectly or-used inappropriate methods. Since an insufficient number of
samples (four per set) was supplied for nitrate nitrogen, total nitrogen,
carbon, and total Kjeldahl nitrogen, little could be concluded by the ranking
procedure. However, most laboratories reported scattered results for nitrate,
carbon, and total nitrogen, and demonstrated difficulty in measuring total
Kjeldahl nitrogen below 0.3 mg/L.
To eliminate confusion over the meaning of "less than" values that were
.reported by laboratories, two new terms were introduced. For future studies,
analysts were instructed to use the codes "W" and "T" rather than "less than"
values. The "W" code was used with a reported result when no measurement was
possible due to no response of the instrument to the sample. The "W" is
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 preceded by the smallest determinative division that can be used in the units
used in reporting. The "T" code was used for results with values between the
criterion of detection and the “W” value. The criterion of detection is
basically the limit of detection.
The advantage of using "W" and "T" codes, aside from removing ambiguity on
a "less than" result, allowed the result to be used for ranking purposes, and
also provided an extremely efficient way to obtain information on how sensi-
tive a method was, or how themethod was being applied.
MAJOR IONS AND NUTRIENTS - STUDY #22
May; 21 Laboratories Participated
Six natural water samples and two suitably spiked distilled water samples
were distributed. The natural waters were mixtures of Lake Ontario tap water
and Hamilton Harbour water. The following analyses were conducted on the
samples: calcium, magnesium, sodium, potassium, chloride, sulfate, pH,
alkalinity, and hardness; and the nutrients: reactive silicate, total phos-
phorus, nitrate plus nitrite, and total Kjeldahl nitrogen.
Findings:
MAJOR IONS AND pH
The majority of the laboratories demonstrated adequate competency for
analysing the major ions: calcium, magnesium, sodium, potassium, and
chloride. Some difficulties were encountered in agreeing on alkalinity and
sulfate concentrations. Agreement was not reached on pH and specific conduc-
tance values.
NUTRIENTS
Some laboratories reported reactive silicate in units as SiOz rather than
Si. After contacting the laboratories that consistently reported high, the
work group adjusted the appropriate results by the conversion factor, and
stressed that such reporting errors, although "simple mistakes", are of
crucial importance and must be avoided. After the adjustments were made, it
was still apparent that many laboratories had experienced difficulty with this
constituent. The difficulty of some laboratories may be explained by the
concentration range of the samples, since medians ranged from 0.017 to 0.61 mg
Si/L.
The concentrations of total phosphorus in the samples were too low for
most laboratories to provide useful information on overall laboratory per-
formance. However, two laboratories clearly had difficulties, reporting very
high results.
The work group committed itself to distributing samples with
more appropriate phosphorus concentrations in future studies to allow assess-
ment of laboratories analysing nearshore and tributary samples.
Even though the criteria used for flagging were quite generous for total
Kjeldahl nitrogen, many laboratories had considerable difficulty with this
analysis at concentrations found in nearshore and open lake waters.
The work
group urged those laboratories reporting poor data to seek improvements, and





TRACE METALS — STUDY #23
 
June; 16 Laboratories Participated
Seven samples of distilled and natural water spiked with one or more of
the following were distributed to each participant: aluminum, cadmium,
cobalt, chromium, copper, iron, manganese, molybdenum, nickel, lead, vanadium,
and zinc. Some metals were at concentrations much higher than nearshore and
open lake levels. However, zinc, copper, iron, and manganese were at levels
similar to nearshore concentrations.
Findings:
The majority of laboratories performed adequately for most metals.
Almost all laboratories demonstrated a high degree of competency for
cadmium, cobalt, and nickel analyses. Cobalt and nickel were rather well
done. These findings, although encouraging, were not surprising since the
test sample levels were generally high and were in distilled rather than
natural waters.
The samples were particularly troublesome for aluminum analyses. Five of
the seven samples were not spiked and, therefore, presented detection problems
for this refractory constituent. Such low samples did not contribute much to
the study other than demonstrate they are difficult to analyse by the current
"state of the art."
Many laboratories experienced difficulty with iron analyses. The probable
cause is poor laboratory housekeeping. Since iron rust is ubiquitous, it can
easily contaminate samples in the 0.0 to 50 ug/L range.
TOTAL PHOSPHORUS AND REACTIVE SILICATE IN WATER - STUDIES #24 AND #25
September; 16 Laboratories Participated
Fourteen samples were prepared for these studies. They were comprised of
rain water, natural waters from Lakes Superior, Erie, and Ontario, selected
nearshore waters, a distilled water blank, and spiked distilled water. The
concentration levels for total phosphorus ranged from 0.0 to 100 pg/L and
for silicon the range was from 0.0 to 2 mg/L.
Findings:
Improvements relative to Studies #21 and 22 were noted in the overall
performance by laboratories for reactive silicate and total phosphorus
measurements. Some laboratories failed to report results within the cap-
ability of the method, apparently an arbitrary decision.
Data ranking indicated that three laboratories' results were biased for
silicon.
Most laboratories were able to analyse for phosphorus adequately. Three
laboratories' results were deemed biased and three laboratories produced
erratic results. However, the principal laboratories contributing data to
open lake and nearshore surveillance information were in agreement.
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 AMPUL - NUTRIENT REFERENCE SAMPLES
The work group distributed ampul concentrates to be diluted and used as
check reference samples to help ship laboratories as they initiated a cruise.
No restrictions were placed on who could receive the ampuls among the Great
Lakes laboratories and several hundred ampuls were distributed.
The ampuls contained nitrate nitrogen, organic carbon and reactive phos-
phorus. Participants within the program were requested to report their
results. Some possible problems with methods, especially blanks, were'
identified by the work group through this process, but the results served
primarily as an internal check for the individual laboratory in its day to day
toperations.
FIELD SAMPLING AND SAMPLE HANDLING PROTOCOLS
The Work Group and the Surveillance Subcommittee Lake Erie Work Group have
been assembling, documenting, and assessing field procedures for sampling and
sample handling. A demonstration sampling cruise and a meeting was held aboard
the Canadian ship LIMNOS on Lake Ontario. At that meeting, participants
described their procedures for ship positioning; sample collection, handling,
preservation, and storage; and the analytical methods used and quality control
applied. Agreement was reached to use the selected best ways to position a
ship and to obtain a sample. Different levels of efforts were noted for
quality control, and several techniques for sample preservation were advanced.
The Surveillance Subcommitteeis producing a field procedures manual which
includes methods on ship positioning, sample collection and preservation, and
instrument calibration.
CRITIQUE ON THE EFFECTIVENESS OF THE DATA QUALITY ASSURANCE
PROGRAM AND FUTURE PLANS
Responses from analytical chemists relative to the timing of interlab-
oratory studies and their design indicated that several changes might be
instituted. The suggestions identified a need to:
0 work more closely with the chemists;
0 provide a glossary of terms used for evaluations;
0 design sample study levels to include the higher constituent levels
encountered in nearshore and tributary analyses;
0 develop more information on study sample sources and results; and
0 give more timely results on studies and provide more methods
information.
To address these suggestions, the Work Group has:
0 developed figures and tables on each sample to show individual
performance by laboratories relative to median values;
0 improved study designto provide samples similar to open lake,
nearshore, and tributary water constituent levels;




o expanded the informational aspects of its reports.
The Work Group plans several studies this coming year, at least one each
for metals, nutrients, major ions, PCBs, and pesticides in water. Tests for
PCBs, pesticides, and metals in sediments and in fish are also planned. One
such study among three laboratories on chlorinated hydrocarbon pesticides and
PCBs in fish has already been initiated. Results of this and the other future
studies will be reported next year.
The Work Group believes that too little information is now available on
the accuracy of municipal sewage treatment plant phosphorus analyses and the
corresponding loadings from these plants. A program to develop this
information is now underway.
As mentioned earlier, much yet needs to be done to ensure that data gen-
erated in support of the Surveillance Program are of adequate quality. During
this coming year, the Work Group plans to:
0 define an acceptable minimum program for intralaboratory quality
control;
0 determine on a continuous basis the suitability of various procedures
used by each laboratory; and


























Prior to 1969, the atmosphere had not been considered as an important
pathway for loading of materials to the Great Lakes.



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MODEL ESTIMATES OF SULFATE LOADINGS TOT
LAKES SUPERIOR AND HURON FROM SOURCE REGIONSl






















































































































































































































































































































































































































































































































































































































































TabTe 5.0.1. More recent studies by HoTTod (1979) on PCB deposition on Lake
Superior indicate that the actuaT deposition may be nearer the upper Timit of
the estimate.
IMPLICATIONS OF ATMOSPHERIC DEPOSITION TO THE GREAT LAKES BASIN
The estimates of atmospheric deposition cited above are based aTmost
entireTy upon "buTk" precipitation sampTe coTTectors. This technique of
sampTe coTTection is known to give cause for concern for the vaTidity of
resuTts, a factor which wiTT be addressed Tater. Certain impTications can be
drawn from the present data in reTation to the Great Lakes chemicaT budgets
and that of the basin.
It is cTear that the nutrient budgets of the Upper Lakes must consider the
atmospheric Toading term. WhiTe the percentage contribution to the Lower
Lakes is smaTTer, the infTuence on bioTogicaT production may be in a greater
proportion. The avaiTabiTity of the nutrients from Take surface precipitation
to the photic zone of the Take is immediate and, for the Upper Lakes, at a
concentration higher than that of the epiTimnion waters. Thus, the atmos-
pheric deposition may support the open Take production in a higher proportion
than an equivaTent point source shoreTine Toading.
The deposition of metaTs, most significantTy Tead, contributes a Targe
portion of the Toading to aTT of the Takes. It is shown in the PLUARG (1978)
report that the nonpoint sources of Tead dominate the Toading, the atmosphere
being the chief pathway.
Other metaTs are deposited in Tesser proportions.
The deposition of synthetic contaminants such as PCBs has been shown to be
sufficient to account for the TeveTs contained in the Take (Strachan et aT,
1978; HoTTod, 1979). These estimates are based upon very preTiminary observa—
tions and it is uncertain that there is not aTso an upward Toss of PCBs and
simiTar materiaTs from the Take surface. OnTy the downward fTux has been
estimated.
The major ion content of precipitation has been modified from the naturaT
state by Targe atmospheric Toads of the OXTdES‘Of squur and nitrogen. When
hydroTized, these resuTt in the acid precipitation occurrence prevaTent over
northeastern United States and eastern Canada. Hydrogen ion concentrations 50
to 100 times the normaT vaTues for precipitation are observed over the Great
Lakes Basin (DiTTion et aT, 1977). As discussed in the PLUARG (1978) report,
waters of the Great Lakes have substantiaT buffering reserve and even if
repTenishment of this buffering were Tost, changes in Take acidity woqu not
occur for centuries. However, the soft-water tributary Takes and streams of
the Canadian basin of Lakes Superior and Huron are very poorTy buffered and
many have aTready become acidic with the resuTting damage or Toss of the fish
habitat (Beamish and Harvey, 1972).
A direct effect on Great Lakes fisheries
may be expected as the acidification affects the tributary and embayment
spawning habitats.
Episodes of high acidity have been documented (Kramer,
1977) during the spring snowmeTt period which may be criticaT to fish survivaT.
Thompson (1979) has examined the infTuences of acidic precipitation on the
cation Teaching from the Lake Superior basin and the subsequent modifications
of stream chemistry.
It is estimated that the eXcess acidity of precipitation '
to the basin is responsibTe for about 17 percent of the cation content of the
90
 tributary flow as well as 70 percent of the sulfate and 50 percent of the
chloride.
The cation leaching from the basin may eventually result
in a
deficiency of the calcium and magnesium and mobilization of the less desirable
aluminum (Driscall, 1978).
Thus, while the anomalous ion content of the
precipitation does not seriously influence the Great Lakes proper, influences
in the basin may be serious
in the poorly buffered
regions.
ATMOSPHERIC LOADING PROGRAM
Atmospheric pollutants are transported as gases, aerosols, and partic-
ulates.
To some degree, all three phases are scavanged by the precipitation
processes and deposited as contaminated precipitation.
The gaseous material
is diffused to the surface and absorbed at rates dependent upon the surface
characteristics.
The particulate material is deposited under gravitational
influences between precipitation events.
Thus,
an accurate measure of atmos-
pheric deposition must
include all three components.
The "bulk" precipitation
collectors employed
in the program described
above are open to the atmosphere continuously during the exposure period.
The
intent
is to collect precipitation, dry particulates,
and gases that diffuse
to the collector orifice.
In practice, the collection efficiency of the
sampler differs from natural
surfaces,
such as water,
and the sample is
subject to severe contamination from local
sources.
"Bulk" samplers have been
subject to extensive evaluation by Galloway and Likens







that a number of factors can.render the bulk sample erroneous
in terms of the





meaningful measurements can be obtained from bulk samplers if carefully sited
and the data carefully interpreted.
The Great Lakes atmospheric deposition program was initiated in 1976
following completion of the PLUARG study.
The desire to obtain a measure of
"total" deposition was recognized.
At the same time, the evidence of sample
contamination from local sources was evident as discussed in the report on
Atmospheric Loading of the Great Lakes (Acres, 1975).
A decision was made to
convert the Canadian network to automatic wet-dry samplers with a recognition
that this approach should achieve a valid measure of precipitation deposition
and an unevaluated measure of deposition of dry material.
This action also
brings the Great Lakes network into conformity between the Canadian Network
for Sampling Atmospheric Precipitation (CANSAP) and the National Atmospheric
Deposition Program (NADP) in the United States (Gibson).
Studies have been conducted that measure the wet and dry deposition as
separate components.
Delumyea and Petel (1977) concluded that bulk deposition
of total phosphorus (6.5 ng/cmZ/day) is significantly greater than the sum of
the wet (2.2 ng/cmz/day) and dry (1.7 ng/cmZ/day) as measured over southern
Lake HurOn.
Sievering (1978) reports extensive measurements of the dry
deposition to Lake Michigan
and indicate that lead and zinc
loadings are
predominantly contained in the dry component.
Other chemical parameters are
contained in various proportions in dry and wet deposition with phosphorus
being about 80 percent contained in the wet component.
These studies establish clearly that for all materials, the dry deposition
component cannot be neglected as a contributor to the atmospheric deposition.




    
sample of the "total" deposition under many circumstances, and that very
important local contamination creates difficulty in interpretation of such
samples. There are no samplers that can measure accurately the total atmos-
pheric deposition. The viable solution for the present is to measure the wet
deposition by a network of automatic samplers and to estimate the dry deposi-
tion through application of deposition models. The latter requires additional
measurements of atmospheric particulate concentrations and further research
related to deposition models. In order to provide for a transition from the
"bulk" data on which past deposition estimates have been based, several "bulk"
samplers should be continued for a number of years in conjunction with the
automatic wet samplers. This overlap of records may produce a statistical
evaluation of the "bulk" records from past years or a random variance may be
observed.
Two years of record are now available from the wet-dry sampler network for
Canadian stations. -While this record may be biased by lack of any United
States data, a summary should be completed in combination with an effort to
model the dry deposition. The results of this effort could then be used to
assess the confidence in the present estimates of atmospheric deposition
contained in Table 5.0.1.

























































has been undergoing continual development and review to meet the original
objective of providing the jurisdictions with a coordinated program for






































































































































































































































































































































































































costs outlined in Table 6.0.1.




















































specific objectives of the new Agreement;
(c) Evaluation of water quality trends, and;
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TABLE 5.0.1
GREAT LAKES SURVEILLANCE COSTS*
(Comparison of 1978 and 1979 Expenditures by Jurisdictions)
    
THOUSANDS OF DOLLARS
JURISDICTIONS 1978 1979
U.S. EPA 3,560.0 3,376.






MICHIGAN , 485.0 564.1
OHIO 80.0 80.
PENNSYLVANIA 29.0 31.
















represent aTT cost expended by jurisdictions for environmenta]











































































































































































































































































































































































































































































































































































































LAKE AGENCY PROGRAM DESCRIPTION (SK)
2. ERIE DFE
(i) Measurement of radiolo
gical parameters.
(ii) Collection of fish and other aquatic biota for analyses of metals and organic
contaminants at five stations in the open lake (in cooperation with OHNR). 236.2
(iii) Assessment of breeding biology of 6 herring gull colonies on the lake and intensive
analysis of toxic compounds, mercury, and arsenic.
(iv) Measurement of atmosp
heric loadings (wet and dr
y deposition) at 2 locatio
ns on
Lake Erie shoreline for same parameters as listed for Lake Ontario.
 
HOE (i) Th
ree cruises covering 100 s
tations/cruise in the Cana
dian portion of the wester
n
basin of Lake Erie between Pt. Pelee and the Detroit River for chemical. physical.
and biological
parameters.
(ii) Routine survey of problem area.
(iii) Weekly samples from water intakes on the Canadian shoreline for chemical and
biological parameters.
(iv) Routine monitoring of tributaries to Lake Erie.
(v) Collections of fish fo
r metals and organic conta
minants at selected sites
along
the Canadian shoreline (in cooperation with OMNR).
(vi) Three cruiSes (SO stations/cruise) covering transects on the Detroit River. 838.9
NYSDEC (i) Monthly chemical. physical, and bacteriological sampling at water intakes along








Chicago) (ii) Nearshore surveillance conducted under contract to:
(a) State University of N.Y. at Buffalo: 12 cruises (78 stations) covering the 3376.
area from Buffalo to Conneaut.
(b) Heidelberg University:
12 cruises (91 stations) c




(c) Ohio State University:
12 cruises (77 stations) c








(iii) Measurement of atmospheric loadings (wet and dry) at four sites on Lake Erie shoreline
for nutrients. major ions, organics. and metal (costs include enhanced tributary study
for PLUARG on
Great Lakes).
PDER/ECDH (i) Three cruises (9 stations/cruise) in nearshore Pennsylvania waters (x25 w) of Lake Erie
for chemical, physical. and biological parameters. 31.





(ii) Regular sampling of 5 water intakes for physical, chemical, and biological parameters
including metalsand toxic substances.
MDNR (i) Sixteen cruises (56 stations) along transects in the Detroit River for physical.
chemical, and biological parameters.
(ii) Collection of samples at water intakes and tributaries for chemical. physical, and
biological parameters.
234,7
U.S. FHS (i) Collection of fish for metals and organics analyses at 2 stations in the main portion
of Lake Erie plus one station in Lake St. Clair.
39.9
 
TOTAL FOR LAKE ERIE 4894_a














































the lake for same parameters as Lake Ontario.
Assessment of
breeding biolo












Two stations sampled in ma
in lake for fish metal and
organic contents.
Routine surveillance of St. Clair River.
Routine monitoring of the tributaries to Lake Huron.








































Routine surveillance of St. Marys River.
Routine monitoring of tributaries to Lake Superior.
SurVeys of problem areas.
Monthly inten
sive sampling

































with MDA and HDPH).
Monthly sampling of 4 tributaries.
Collection of fish samples
for analysis of pesticides
and PCBs.
Collection of water and se











































































































































































































   
 (d) Identification of emerging problems
With the increasing emphasis on toxic substances, the number of specific
water quality objectives has increased from 8 to 41. Most of these are
organics which are costly to measure in biological tissue and water. The
Water Quality Board has stated that problem areas will be defined on the basis
of the water quality objectives in the revised Agreement. In some cases, this
will require the development of new and improved analytical methodologies so
that these substances can be measured on a routine basis for surveillance of
water quality. Most analytical laboratories participating in the surveillance
program are already over—burdened with respect to their capacity.
The substantial increase in the number of contaminants requiring examina—
tion now and in the future necessitates special vigilance to ensure that new
analytical methods are carefully documented; that interlaboratory comparisons
are rigorous and frequent, and that data banks are available in a speedy and
efficient manner.
Evaluations of the total Canadian and United States surveillance acti-
vities in the Great Lakes are presently being conducted by both countries.
Results will be available in 1979.
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WDQJBIBLIOGRAPHY OF SURVEILLANCE STUDIES
Included in this chapter are some of the surveillance and monitoring—
related studies conducted by jurisdictions towards fulfilling the objectives
outlined in the 1972 and 1978 Great Lakes Water Quality Agreements.
The data presented in the following reports have and will continue to help
the Surveillance Subcommittee, not only in determining the water quality of
the Great Lakes, but also in reaching a better understanding of the physical,
chemical, and biological interaction that take place in these waters.
UNITED STATES
MICHIGAN DEPARTMENT OF NATURAL RESOURCES
Actinomycetes, Taste-Odor and Nutrient Status in the Green Bay Waters of
Lake Michigan. (Proposed Research Outline) 1972.
A Biological Investigation of Colored Water Seepage to Lake Michigan at
Portland Medusa Cement Company, Charlevoix, Michigan, 1972.
Limnological Survey of the Michigan Portion of Lake St. Clair, 1973.
Phytoplankton in Michigan's Nearshore Waters of Lake Huron and Lake
Superior, 1974.
Limnological Survey of the Michigan Waters of Lake Erie, 1973.
Larval Fish Survey in Michigan Waters of Lake Erie, 1975.
Limnological Assessment of Thunder Bay, Lake Huron, 1974 and 1975.
Chlorides in Lake Michigan, 1978.
An Evaluation of DDT and Dieldrin in Lake Michigan, 1972.
Trace Elements in Lake Michigan: A Survey of the Lower Peninsula Coastal
and Offshore Waters, 1973.
Industrial SUrveillance Reports of Heavy Metal Usage and Discharges Within
Michigan's Portion of the Lake Michigan Basin, 1973.
Heavy Metals in the Atmospheric Samples Along Michigan's Shoreline of Lake
Michigan, 1973.
Study of Transport of Trace Metals and Organics to Lake Michigan by
Tributary Rivers, 1973.
Atmospheric Loading Study: Michigan's Shoreline of Lakes Huron and
Superior (Progress Report, Upper Lakes Reference Group) 1973.
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 Trace MetaTs in the Lake Michigan Basin, 1974.
PCB Situation in Great Lakes Fish. Report to Michigan Water Resources
Commission, 1975.
Contaminants in Great Lakes Fish Staff Report, 1975.
Summary of ReguTatory Efforts of the Great Lakes Region Toward the
EnvironmentaT ControI of PCBs (PoTychIorinated BiphenyTs) 1975.
Lake Michigan Intakes: Report on the Best AvaiIabIe TechnoTogy, 1973.
Two Continuous-FIow On-Site Bioassays Conducted on the Wastewater
Ogsgharge by A-l to the Detroit River, Wayne County, Wyandotte, Michigan,
Impact of the Karn Weadock Power PTant's Operation on Water OuaIity and
Biota in the Saginaw River and Nearshore Areas of Saginaw Bay, JuTy 22,
1972 and May 6, 1973.
BioIogicaI Survey of the St. Marys River, June 19-20, 1978.
LimnoTogy of Michigan's Nearshore Waters of Lakes Superior and Huron, 1979.
Bay City State Park Beach Residues, 1978.
Progress Report on PhthaTates SurveiTIance in Michigan Waters, 1971-72.
Water QuaTity and PoTTution ControT in Michigan, 1978.
Water Quaiity and PoTIution Centre] in Michigan, 1977.
The Detroit River 1966—1976 A Progress Report, 1977.
Water QuaTity and PoITution ControI in Michigan, 1976.
Water QuaIity and PoTIution ControI in Michigan, 1975.
MINNESOTA POLLUTION CONTROL AGENCY
SampIing and AnaTysis of Minnesota Tributaries and MunicipaI Point Sources
to Lake Superior, 1975.
Minnesota, Lake Superior Nearshore Water QuaTity Study, 1975.
WISCONSIN DEPARTMENT OF NATURAL RESOURCES
1978 Water QuaTity Inventory Report to Congress, 1977-1978.
"Wisconsin SmaTT Streat Studies” Series of Reports, 1977-1978.
Green Bay Nearshore Study, 1977-1978.




Investigation of Chiorinated and Nonchiorinated Organic Compounds in the
Lower Fox River Watershed, 1977-1978.
Organic Compound Investigation, 1977-1978.
Ciassification of Wisconsin Lakes Using Remote Sensing, 1977-1978.
SmaTI Stream WasteIoad AssimiIation Studies, 1977-1978.
EvaIuation of Performance by Wisconsin Water Ouaiity Labs, 1977-1978.
Areawide Water Quaiity Management PTans for Designated Areas, 1977-1978.
Areawide Water Quaiity Management Pians for Non-designated Areas,
1977-1978.
Topicai Studies for Water Quaiity Management Pianning, 1977-1978.
Piiot Area Studies for Septic Tank System Management, 1977-1978.
WeII Casing and "Safe" Water - Door County, 1977-1978.
Tests on CCA-Treated Piywood and WeII Water Sampies Anaiyzed for-CCA,
1977-1978.
Monitoring of Contaminant LeveIs in Wisconsin Fish, 1977-1978.
Investigation of PCBs in the Sheboygan River System, 1977-1978.
Menomonee River PiIot Watershed Continuation Monitoring, 1977—1978.
Washington County Project-Construction Area Sediment ControT, 1977-1978.
Drainage Basin Investigations:
Trempeaieau - Buffaio River Basin, 1972
Fox (IIIinois) River Basin, 1972
St. Croix River Basin, 1972
Lower Wisconsin River Basin, 1972
Lemonwier - Baraboo Rivers Basin, 1973
Upper Green Bay Basin (0conto, Peshtigo, and Menominee Rivers), 1976
Upper Rock River Basin, 1976
BIack River Basin, 1976
Southeastern Wisconsin River Basins (Root, Pike, and Des Plaines




























Seston Characterization of Major Wisconsin Rivers, 1978.
Mercury Content of Various Bottom Sediments, Sewage Treatment PIant
Effiuents and Water Suppiies in Wisconsin, 1971.
Mercury Leveis in Fish from Seiected Wisconsin Waters, 1971.
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 Ground Water PoIIution from Sanitary LandfiIIs and Refuse Dump Grounds,
1971.
Water QuaIity and Trophic Condition of Lake Superior (Wisconsin Waters),
97 .
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY. REGION V
Progress Report and Preiiminary EvaIuation of 1976-1977 Lake Michigan
Intensive Survey, 1977
Series of "Reports on the Degree of PoIIution of Bottom Sediments":
AshtabuIa Harbor, Ohio, 1974; 1975; 1977
CIeveIand Harbor, Ohio, 1972; 1977
Cuyahoga River, Ohio, 1972; 1977
Conneaut, Ohio, 1972, 1974; 1977
Detroit River, Michigan, 1973
Fairport Harbor, Ohio, 1974; 1975; 1977
Huron Harbor, Ohio, 1973; 1975; 1976
Lorain Harbor, Ohio, 1975
Monroe Harbor, Michigan, 1975; 1976
Pointe MouiIIee, Michigan, 1973
Port CIinton, Ohio, 1975
Rocky River Harbor, Ohio, 1975
Rouge River, Michigan, 1973
Sandusky Harbor, Ohio, 1973; 1975; 1977
ToIedo Harbor, Ohio, 1973; 1975 ’
VermiIIion Harbor, Ohio, 1973; 1974; 1975
SterIing State Park, Michigan, 1973
AIpena Harbor, Michigan, 1975
Bay Port Harbor, Michigan, 1972
BIack River, Michigan, 1976
CaseviIIe Harbor, Michigan, 1972; 1974; 1976
Cheboygan Harbor, Michigan, 1975
CIinton River, Michigan, 1973; 1975
Hammond Bay Harbor, Michigan, 1976
Harbor Beach Harbor, Michigan, 1974
HarrisviIIe Harbor, Michigan, 1976
InIand Route, Michigan, 1975
Lake St. CIair, Michigan, ApriI 17, August 27-28, 1975; August 12-16,
1975; October 5, 1975
Les Cheneaux IsIand ChanneIs, Michigan, 1973; 1976
Point Lookout Harbor, Michigan, 1976
Port Austin Harbor, Michigan, 1974
Port SinaIac Harbor, Michigan, 1972; 1975
Saginaw River, Michigan, 1972; 1974
Sebewaing River, Michigan, 1972; 1974; 1975
St. Clair River, Michigan, 1973; 1974; 1975; 1977
St. Marys River, Michigan, 1972
AIgoma Harbor, Wisconsin, 1977
AIgoma SmaII Boat Harbor, Wisconsin, 1977
Big Suamica Harbor, Wisconsin, 1977












































































Grant Pork, Wisconsin, 1977
Grand Haven Harbor, Michigan, 1972
Green Bay Harbor, Michigan, 1977
HoIIand Harbor, Michigan, 1972; 1977
Indiana Harbor, Indiana, 1977
















Ludington Harbor, Michigan, 1973
Manistee Harbor, Michigan, 1974

















Michigan City Harbor, Indiana, 1975
MiTwaukee Harbor, Wisconsin, 1973
Muskegon Harbor, Michigan, 1974
New BuffaTo Harbor, Michigan, 1977
Pensaukee Harbor, Wisconsin, 1977
Pentivate Harbor, Michigan, 1974
Racine Harbor, Wisconsin, 1973; 1976
Sheboygan Harbor, Wisconsin, 1974; 1977






















































































AshTand Harbor, Wisconsin, 1972; 1976
BayfieId Harbor, Wisconsin, 1972
Big Bay Harbor, Michigan, 1972
BIack River Harbor, Michigan, 1974






























St. Louis River, Minnesota, 1977
Grand Marais Harbor, Michigan, 1973



















Knife River Harbor, Minnesota, 1972
La Pointe Harbor, Wisconsin, 1975
LittTe Lake Harbor, Michigan, 1973
Ontonagon Harbor, Michigan, 1973
Port Wing Harbor, Wisconsin, 1973
Presque IsIe Harbor, Michigan, 1972
Saxon Harbor, Wisconsin, 1974
Two Harbors, Minnesota, 1972; 1976
Whitefish Point, Michigan, 1973
BarceIona Harbor, New York, 1977
Cape Vincent Harbor, New York, 1977
Dunkirk Harbor, New York, 1977
Erie Harbor, PennsyIvania, 1975























 Oak Orchard Harbor, New York, 1977
Ogdensburg Harbor, New York, 1976
OIcott Harbor, New York, 1977
Oswego Harbor, New York, 1976
Port Ontario Harbor, New York, 1976
Rochester Harbor, New York, 1976
Sackets Harbor, New York, 1977
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
.LARGE LAKES RESEARCH STATION (GROSSE ILE, MICHIGAN)
AccumuIation and Transport of Energy Reiated PoIIutants by Benthos, 1975
AIgaI Nutrient AvaiIabiIity and Limitation in Lake Ontario During IFYGL,
Part I, 1976
AIgaI Nutrient AvaiIabiIity and Limitation in Lake Ontario During IFYGL,
Part II, 1977
AIgaI Nutrient AvaiIabiIity and Limitation in Lake Ontario During IFYGL,
Part III, 1977
Atmospheric Inputs of Phosphorus to Southern Lake Huron, ApriI-October,
1975. 1977
BioiogicaI, Chemistry, and PhysicaI ReIationships in the Straits of
Mackinac, 1976
Bioiogy-Chemistry Programs for the InternationaI FieId Year for the Lakes
ChIorinated Hydrocarbons in Lake Ontario Ecosystem, 1975
CIadophora Distribution in Lake Ontario, 1974
Distribution of Macrobenthis Species in Lake Ontario in ReIation to Sources
of PoIIution and Sediment Parameters, 1976
Entrainment at a Once-Through CooIing System on Western Lake Erie,
Vqume 1, 1978
First Annual Reports of the EPA IFYGL Projects, 1973
Future Dredging Quantities in the Great Lakes, 1974
Inputs of Phosphorus from Precipitation to Lake Michigan, 1975
Investigation of the Nearshore Region of Lake Ontario, IFYGL, 1976
LarvaI Fish Distributions in Southwestern Lake Erie Near the Monroe Power
Piant, 1978
Mathematicai ModeIIing of PhytopIankton in Lake Ontario, Part I - Mode]
DeveIopment and Verification, 1975
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 Mathematical Modelling of Phytoplankton in Lake Ontario, Part II -
Simulation Using LAKE-l Model, 1976
Numerical Models of Lake Currents, 1976
Nutrition of Great Lakes Cladophora, 1976
Phosphorus Uptake and Release by Lake Ontario Sediments, 1975
Phytoplankton Composition and Abundance in Lake Ontario During IFYGL, 1975
Polychlorinated Biphenyls in Precipitation in the Lake Michigan Basin, 1978
Proceedings: Biostimulation/and/Nutrient Assessment Workshop, 1975
Proceedings of the First and Second USA/USSR Symposia on the Effects of
Pollutants Upon Aquatic Ecosystems: Vol. I - Duluth, Minnesota, USA
Symposium, October 21-23, 1975, edited by Donald 1. Mount; Vol. II -
Borok, Jaroslavl, Oblast, USSR Symposium, June 22—26, 1976, edited by
Wayland R. Swain and Nina I. Ivanikiw; 1978.
Production, Mortality, and Power Plant Cooling Water Entrainment of Larval
Yellow Perch in Michigan-Ohio Waters of the Western Basin of Lake Erie
in 1975 and 1976. I
Results of a Joint USA/USSR Hydrodynamics and Transport Modelling Project.
1979
Satellite Remote Sensing Study of Transboundary Movement of Pollutants,
97 .
Survey of Chemical Factors in Saginaw Bay (Lake Huron), 1977
Zooplankton Production in Lake Ontario as Influenced by Environmental
Perturbations. 1975
CANADA
CANADA CENTRE FOR INLAND WATERS
Physio-chemical Surveillance Data Obtained for Lake Ontario, 1974, and
their Relationship to Chlorophyll a. 1977.
A Model to Describe the Inherent Spatial and Temporal Variability of
Parameters in Lake Ontario. 1974.
Scenario for an On-going Chlorophyll a Surveillance Plan on Lake Ontario
for Non-intensive Sampling Years. 1978.
Distribution of Bacteria and Chlorophyll a_at a Nearshore Station in Lake
Ontario. 1979.
The Use of the Shannon-Wiener Diversity Index to Describe the Horizontal






 ATP Measurements Made on Lake Ontario, 1975-1976, During Winter, Spring
and Summer Conditions. 1979.
Regionalization of the Upper Great Lakes with Respect to Surveillance
Eutrophication Data. 1979.
A Surveillance Oriented Chlorophyll a Model and Its Relationship to Light
Intensity and Temperature. 1979.
. Availability of Scenedesmus quadricauda of Different Forms of Phosphorus
in Sedimentary Materials from the Great Lakes. 1979.
 
Problems in Monitoring Biomass. 1973.
The Abundance of Diatoms in the Southwestern Nearshore Region of Lake
Ontario During the Spring Thermal Bar Period. 1974.
Primary Production in Lakes Ontario and Erie: A Comparative Study. 1974.
Phytoplankton Biomass, Species Composition and Primary Production at a
Nearshore and a Midlake Station of Lake Ontario During IFYGL. 1974.
Phytoplankton Composition of a Small Subarctic Lake in the Northwest
Territories, Canada. 1974.
Biomass Parameters and Primary Production at a Nearshore and Midlake
Station of Lake Ontario During IFYGL. 1974.
A Comparative Review of Phytoplankton and Primary Production in the
Laurentian Great Lakes. 1974.
Some Observations on the Growth of Diatoms in Lake Ontario with Emphasis
on Melosira binderana Kutz. During Thermal Bar Conditions. 1975.
The Abundance and Significance of Phytoflagellates and Nannoplankton in
the St. Lawrence Great Lakes. 1. Phytoflagellates. 1975.
Studies of Phytoplankton in the Vicinity of the Kingston Basin Before the
Operation of Thermal Generating Station. 1976.
Processing Within Lake Erie. 1976.
Statistical Evaluation of the Relationships Between Phytoplankton Biomass,
Primary Production and Chlorophyll a in Lake Superior. 1976.
Relationships of Phytoplankton Biomass with Soluble Nutrients, Primary
Production, and Chlorophyll aiin Lake Erie, 1970. 1976.
Carbon-l4 Primary Production Experiments by Size Fractionation in the St.
Lawrence Great Lakes. 1976.
ThelSpecies Composition and the Biomass of Lake Superior Phytoplankton.
9 6.
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 A Lakewide Study of Phytoplankton Biomass and Its Species Composition in
Lake Erie, April-December, 1970. 1976.
An Evaluation of the Methods and Procedures for the Qualitative and Quanti-
tative Analysis of the Phytoplankton of the Laurentian Great Lakes, the
Past, Present, and the Future. 1976.
The Phytoplankton of Western Lake Erie, 1975-1976. 1977.
Phytoplankton of Lake Superior. 1977.
Phytoplankton of Georgian Bay and North Channel. 1977.
The Limnology of Lake Superior. 1977.
Establishment of Phytoplankton Species Composition Baseline for the
Continuing Surveillance of Water Quality Conditions of Lake Ontario.
1977.
A General Survey of the Phytoplankton of the Upper Great Lakes. 1977.
The Georgian Bay Phytoplankton - A Lakewide Taxonomic, Size and Primary
Production Study. 1977.
The Abundance and Significance of Phytoflagellates and Nannoplankton in
the St. Lawrence Great Lakes. II. Nannoplankton: Biomass and Meta-
bolism. 1977.
A Rapid Preparation Method for Scanning Electron Microscopy of Lugol
Preserved Algae. 1978.
Statistical Evaluation of the Relationships Between Phytoplankton Biomass,
Primary Production and Chlorophyll a in Lake Superior. 1978.
The Phytoplankton Biomass, Primary Productivity and Nutrients in Western
Lake Erie During 1975—76. 1978.
Lake Superior Basin and Its Development (In press). 1978.
Methods and Procedures for Phytoplankton Identification and Enumeration:
Review and a Proposal for Standardization. 1978.
Scanning Electron Microscopy of the Phytoflagellates in the St. Lawrence
Great Lakes. 1978.
The Phytoplankton of Lake Superior, 1973. 1978.
The Preponderance and Relative Importance of Nannoplankton in Lake Superior
Algae and Its Community Metabolism. 1978.




Atmospheric Bulk Precipitation in the Lake Erie Basin. 1978.
Great Lakes Precipitation Chemisty. Part I - Lake Ontario Basin. 1973.
Atmospheric Loading of the Upper Great Lakes. Vols. 1, 2, 3. 1975.
Atmospheric Loading of the Lower Great Lakes and the Great Lakes Drainage
Basin. 1977.
Mass Contribution of the Atmosphere to Lakes Huron and Superior. 1977.
Atmospheric Pollutant Loadings Related to Aquatic Environment. 1977.
Organo-Chlorines in Precipitation in the Great Lakes Region. 1978.
A Summary of Deposition Monitoring Networks in Ontario. 1977.
The Atmospheric Transport of Mercury. A Review and Appraisal of the
Current Literature. 1977.
Measurements of Atmospheric Inputs to the Great Lakes. 1974.
Inventory of Precipitation Quality Monitoring Stations on the Southern
Section of the Canadian Shield. 1976.
Chemical Limnology of the North Channel, 1974. 1978.
Chemical Limnology of Georgian Bay, 1974. 1978.
Nutrients in Lake Huron 1968-1972. 1973.
Assessment of Water Quality Simulation Capability for Lake Ontario. 1978.






Water Quality Assessment of Thames River Mouth, Lake St. Clair. 1977.
Great Lakes Water Quality Data Summary, St. Clair River 1976. 1977.
Great Lakes Water Quality Data Summary, Detroit River 1976. 1977.
Water Quality Assessment of Some Ontario Embayments on Lake Huron,
Including Goderich, Port Elgin, Southampton, Tobermory, Owen Sound,
Collingwood, and Parry Sound. 1977.
Water Quality Status of Serpent Harbour North Channel 1975. 1977.
Toronto Harbour Numerical Model. 1977.
110
 Water Quality Conditions in Toronto Harbour Measured by Recording Chemistry
Meters 1975-1976. 1977.
Improvements in the Water Quality of Pigeon Bay-Western Lake Erie, Town of
Leamington 1976. 1978.
Effect of Industrial Effluent on the Water Quality, Sediments and Benthos
of the St. Lawrence River at Maitland, Ontario. 1978.
St. Marys River WaterQuality Investigations 1973-1974. 1978.
Nearshore Turbidity Study on Eastern Coast of Lake Huron (Kettle Point to
Southampton). 1977.
Metropolitan Toronto Waterfront Study on Remote Sensing 1976. 1977.
Preliminary Report on Remote Sensing of Cladophora Growth in the Great
Lakes. 1978.
Trends in the Mercury Content of Western Lake Erie Fish and Sediment
1970-1977. 1978.
The Enrichment Status of Collingwood Harbour, 1977. 1978.
Phytoplankton of an Inshore Area of Georgian Bay of Lake Huron Prior to
Reductions in Phosphorus Loading from Local Sewage Treatment Faci-
lities. 1977.
Hamilton Harbour Study-1975. 1977.
Nanticoke Water Chemistry—1975. 1977.
Water Movements in the Nanticoke Region of Lake Erie. 1977.
Phosphorus Levels Along the Canadian Shore of Western Lake Erie. 1977.





















Primary Productivity of Hamilton Harbour. 1977.
Phytoplankton Responses of Hamilton Harbour. 1977.
Procedure for the Analysis, Delineation and Mapping of Local and Regional
Water Quality Characteristics in the Ontario Coastal Zone of the Great
Lakes. 1978.
























Mass Exchange Between Hamilton Harbour and Lake Ontario, September 1975.
1978.
Application of Real-Time Input to Numerical Modelling of Toronto Harbour.
1978.
Phosphorus Levels Along the Canadian Shore of Western Lake Erie. 1977.
Trends in Mercury Content of Fish and Sediment of the Western Basin of
Lake Erie, 1970-1976. 1977.
Composition and Production of Phytoplankton in Unstable Water Columns.
977.
Declines on the Nearshore Phytoplankton of Lake Erie's Western Basin Since
1971. 1977.
Phytoplankton of an Inshore Area of Georgian Bay, Lake Huron, Prior to
Reductions in Phosphorus Loadings. 1979.
Oxygen Depletion of Hamilton Harbour. 1979.
Pseudo-Langrangian Dispersion Estimates from Current Meters. 1977.
Spatial Aspects of Column Stability and Phytoplankton Productions. 1977.
Concentration Pattern of Chemical Constituents in a Paper Mill's Effluent
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